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INTRODUCTION 
Gestation in mammalian species normally represents an anabolic process 
since the increase in maternal body weight from mating to parturition is 
greater than can be accounted for by the weight of the uterus and concep-
tus or conceptuses (Newton, 1952; Hytten and Thomson, 1968; Anderson, 
1975). Variations in maternal dietary intake can alter this process, as 
well as, affect maternal ovarian function, and growth and development of 
the conceptuses. In healthy pigs, reproductive potential is not fully 
realized in that embryonic and fetal losses during gestation reduce 
litter size by 40%. Investigators have attempted to improve the ef­
ficiency of reproduction in this species by varying dietary energy and 
protein intake during pregnancy, yet relatively little positive effect has 
been obtained. Although high energy diets can improve ovulation rates, 
embryonic and fetal mortality rates also increase (O'Bannon et al., 1966; 
Wrathall, 1971; Frobish et al., 1973; Pond, 1973). Caloric restriction 
results in slight increases in litter size but reduces neonatal birth 
weights (Anderson and Melampy, 1972). Changes in protein level also have 
little effect on reproductive performance in the pig (Anderson and Melampy, 
1972). 
Recent investigations in our laboratory have established that inani­
tion during pregnancy in the pig provides a useful model for elucidating 
feto-placental demands upon the maternal system. Prolonged inanition of 
Yorkshire gilts during either the early, middle, or last third of pregnancy 
has little effect on embryonic, fetal, or neonatal survival rates (Anderson, 
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1975; Anderson et al., 1979; Hard and Anderson, 1979). Furthermore, 40 
days inanition during early, middle or late pregnancy has little effect on 
ovarian progesterone secretion (Anderson et al., 1979; Hard and Anderson, 
1979). Maternal serum levels of proteins, electrolytes, and minerals also 
are sustained at levels adequate to maintain survival and development of 
the fetuses (Kertiles et al., 1979). Although early growth of gilts from 
these starved dams is retarded, these gilts recover to exhibit an earlier 
onset of puberal estrus, normal estrous behavior, and normal reproductive 
performance (Hard and Anderson, 1981). Maternal components are mobilized 
for feto-placental growth and development in spite of severe body weight 
loss of the dam. 
The roles of plasma volume expansion and uterine blood flow in the 
development and growth of the mammalian fetus are unclear. In the human 
(Blechner et al., 1974), the rat (Bruce, 1976), the sheep (Morriss et al., 
1980), and the cow (Ferrell and Ford, 1980) uterine blood flow increases 
markedly during pregnancy, and blood volume expansion may simply allow this 
increase while maintaining normal rates of flow to the bodies' various vital 
organs. The interactions of blood volume and uterine blood flow with por­
cine fetal development have not been defined. In the rat (Rosso and Kava, 
1980) and sheep (Morriss et al., 1980), decreases in uterine blood flow 
caused by a maternal fast result in growth retardation of placentae and 
fetuses. Maternal undernutrition in the rat also results in a compensatory 
response in the fetuses (Williams and McAnulty, 1976); cell number is 
maintained and ornithine decarboxylase activity increases. Changes in 
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ornithine decarboxylase activity seem to be a useful index in studying 
compensatory responses of the dam and fetus during periods of malnutrition 
in the rat (Williams and McAnulty, 1976). The relationships of ornithine 
decarboxylase activity with porcine fetal development have not been repor­
ted previously. The primary objective of the present investigation was to 
utilize inanition from days 50 to 90 after mating in determining the inter­
actions of maternal body weight, blood volume, and uterine blood flow with 
porcine fetal development and ornithine decarboxylase activity during late 
pregnancy. 
4 
REVIEW OF LITERATURE 
Maternal Nutrition 
Reproductive performance in pigs is an important factor contributing 
to their overall production potential. Fecundity in this species is en­
hanced by early sexual maturation, high ovulation rates, gestation and 
lactation periods of short duration, and the ability to rapidly repeat 
the pregnancy cycle. Restrictions upon the production potential include 
reduced ovulation rates, embryonic losses, and perinatal and neonatal 
death. Embryonic and fetal deaths during gestation reduce potential 
litter size approximately 40%. Gilts and sows ovulate approximately 18 
ova at estrus and more than 95% of these ova are fertilized. Seven to 10 
of the developing embryos perish during the advancing pregnancy, and thus, 
litter size at parturition is reduced to 8 to 11 piglets. 
Investigators have attempted to increase the efficiency of reproduc­
tion in pigs by varying the dietary energy and protein intake during preg­
nancy. A detailed review of these studies has been reported previously 
(Hard, 1978). Experiments from several laboratories have indicated that 
high-energy diets increase porcine ovulation rates, but also markedly in­
crease embryonic mortality, and thus, embryonic survival rates remain 
equivalent to those in dams fed normal levels of caloric intake (Anderson 
and Melampy, 1972; Pond, 1973; Wrathall, 1971; Frobish, 1970; Frobish et 
al., 1973; Scofield, 1972). Doubling the daily energy intake during late 
pregnancy has no significant effect on neonatal survival rates, birth 
weight, or 28-day body weight (Pond et al., 1981). Caloric restriction 
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results in a slight increase in litter size but reduced piglet birth 
weights (Anderson and Melampy, 1972). A moderate protein restriction 
throughout gestation has no effect on the progeny through several repro­
ductive cycles (Livingston, 1962; Livingstone et al., 1966; Hawton and 
Meade, 1971). Severe protein restriction of the dam reduces, not only 
birth weight, but also postnatal development (Leuillet et al., 1979; Mc-
Cance and Widdowson, 1974; Pond et al., 1969; Hawton and Meade, 1971). 
Although embryonic and fetal losses of 40% normally occur in healthy 
gilts and sows, inadequate maternal nutrition during relatively brief 
segments of gestation is not a major limitation to fetal survival and de­
velopment. Recent investigations in nulliparous Yorkshire pigs (gilts) 
starved 40 days during either the early, middle, or last third of preg­
nancy have indicated that prolonged inanition has little effect on embry­
onic, fetal, or neonatal survival rates (Anderson, 1975; Anderson et al., 
1979; Hard and Anderson, 1979). One-third of the pigs subjected to in­
anition beginning day 10 after estrus failed to exhibit a subsequent 
estrus. Ovulation rate was reduced in those that returned to estrus and 
were mated (Anderson, 1975). Pregnancy was maintained in a high percen­
tage (79%) of these pigs subjected to inanition for periods up to 37 
days, but few (25%) remained pregnant when inanition continued beyond 41 
days. However, all (100%) remained pregnant during inanition of 41 days 
when exogenous progesterone and estradiol benzoate were given daily. 
Pregnancy was maintained in 74% of the pigs starved for 40 days during 
either middle or late gestation compared to 100% in controls (Hard and 
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Anderson, 1979). Furthermore, severe maternal nutrient deprivation during 
the middle or last third of gestation had little effect on ovarian pro­
gesterone secretion. Kertiles et al. (1979) investigated the effects of 
prolonged inanition during the middle or last third of pregnancy on levels 
of serum protein, albumin, urea N, Ca, Fe, K, and Na. The experimental 
results indicated that maternal serum levels of these proteins, electro­
lytes, and minerals are sustained at levels adequate to maintain survival 
and development of the fetuses. Gilts, during periods of nutritional de­
ficiency, draw on their own reserves to allow fetal survival. 
Fetal growth in these starved dams is affected adversely and results 
in markedly reduced birth weight and neonatal growth to 80 days of age. 
However, maternal components are mobilized for feto-placental growth in 
spite of severe body weight loss (30 to 35 kg) of the dam. Studies uti­
lizing cross-fostering techniques (Pond et al., 1969; Pond, 1973) suggest 
that the two major limitations affecting growth of piglets bom to nu­
tritionally deprived dams are reduced birth weight of the piglets and a 
reduction in maternal milk production. Reproductive performance (litter 
size at birth or weaning) in gilts is maximized with daily metabolizable 
energy intake of approximately 6,000 to 7,000 kcal (Frobish et al., 1973, 
Libal and Wahlstrom, 1977). Undernutrition of gilts during the period of 
prepuberal growth can delay puberty by as much as 2 months (Etienne and 
Duee, 1973; Friend, 1973; Friend, 1976). 
It should be evident that prolonged inanition during middle or late 
pregnancy in the pig provides a useful model for elucidating feto-placental 
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demands upon the maternal system. Although these periods of severe ma­
ternal nutrient deprivation have no significant influence upon prenatal 
survival rates, little is known about possible transitory or permanent 
effects on subsequent neonatal growth, onset of puberty, and reproductive 
rates. Hard and Anderson (1981) indicated that offspring from dams sub­
jected to total inanition of 40 days during middle or late pregnancy ex­
hibited a highly significant earlier onset of puberty than did offspring 
from full-fed controls. Earlier onset of puberty in offspring from nu­
trient-deprived dams influences the expression of genetic development of 
the dams as well as the fetuses. Ovulation rate is related to sexual age, 
and early mating is directly related to increased overall productivity of 
the gilts (Brooks and Cole, 1973; Lodge, 1969; Thompson and Savage, 1978). 
Gilts bom to dams starved during pregnancy had reduced body weights at 
birth, weaning, and 80 days of age (Hard and Anderson, 1979). At 150 days 
of age, however, body weights were similar among all treatments (Hard and 
Anderson, 1981). This reflects a faster growth rate in gilts from starved 
dams from 80 to 150 days of age. Friend (1973) and Cunningham et al., 
(1974) also reported that faster growing gilts reach puberty at an earlier 
age. Results to date do not provide an explanation for the earlier onset 
of puberty in gilts produced by dams underfed during pregnancy. 
Several investigators have indicated that age, rather than weight, 
seems to have the major influence on attainment of puberty in the gilt and 
occurs in most breeds near 200 days of age (Brooks and Cole, 1971; Shearer 
and Adam, 1973; Thompson and Savage, 1978). Also various environmental 
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influences appear to modify age at puberty (Friend, 1973; Joubert, 1963; 
Thompson and Savage, 1978). There are contradictory results on the effects 
of levels of feed intake on the age and weight of gilts at puberty (An­
derson and Melampy, 1972; Brooks and Cole, 1971; Shearer and Adam, 1973; 
Friend, 1976). 
The effects of long-term nutrient deprivation during pregnancy on the 
subsequent reproductive performance of the offspring are not well-defined. 
Permanent detrimental effects on mature weight and wool production result 
in the offspring from sheep subjected to severe undernutrition during preg­
nancy (Everitt, 1968). Ewes, restricted in dietary caloric and protein 
intake during the last 50 to 60 days of gestation, produced growth retar­
ded lambs when compared with controls (Koritnik et al., 1981). The effects 
on the neonates of 40 days' starvation during pregnancy in the pig, closely 
parallel those effects observed during dietary energy restriction (Pond, 
1973; Hard and Anderson, 1979). Starvation of 40 days has no appreciable 
effect through the first two gestations on pregnancy rates, birth weights, 
litter weights, and litter size at birth and weaning of gilts born to dams 
starved during the middle or last third of pregnancy (Hard and Anderson, 
1981). Although early growth of gilts from starved dams was retarded, 
these animals recovered to exhibit an earlier onset of puberal estrus, 
normal estrous behavior, and normal reproductive performance during their 
first two gestations. 
Embryonic development and fetal survival in the domestic pig depend, 
in large part, upon an adequate uterine environment. The loss of 
9 
endogenous progesterone, essential for embryo and fetal survival, by 
ovariectomy even as late as day 110 of gestation results in abortion with­
in a few hours (Belt et al., 1971). Inanition of 40 days during early, 
middle, or late pregnancy has no significant effect on circulating pro­
gesterone levels (Anderson et al., 1979; Hard and Anderson, 1979) and 
fetal survival rates (Hard and Anderson, 1979), as well as, no significant 
detrimental effect on maturation and reproductive performance of the gilts 
bom to the starved dams. A primary objective of the present investiga­
tion was to elucidate possible reproductive or metabolic adjustments 
which must occur in the dam and fetus to allow near normal development of 
the fetuses during nutritional stress of total inanition from days 50 to 
90 of pregnancy. 
Maternal Blood Volume 
Pregnancy, under optimal conditions, is an anabolic process which 
benefits development of the conceptuses as well as the dam (Salmon-Legag-
neur et al., 1966). Physiological adaptations must be made by the dam 
during the pregnancy to ensure that the needs of the growing fetuses are 
met and that her own vital functions are maintained. The ability to 
successfully adapt will be reflected in the maintenance of pregnancy, and 
the development and livability of the neonates. Growth and development of 
the conceptuses will be paralleled by considerable change in the cardio­
vascular system. As pregnancy advances, an increasing supply of blood will 
be required to supply the growing fetuses with oxygen and nutrients, and 
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to remove waste products. The distribution of blood to the various or­
gans such as the kidney and liver will need to be altered to allow removal 
of products of fetal metabolism. After parturition, the distribution of 
blood will change rapidly to allow for efficient lactation. 
Plasma volume is measured by the dilution principle by using plasma 
protein-bound tracers injected into the blood stream. Of the many tracers 
that have been used to measure plasma volume^ the two most commonly used 
are Evans blue dye (T-1824) (Anderson et al., 1970; Soffronoff et al., 
1977; Persson and Ullberg, 1979; Rosso and Streeter, 1979), and radio­
active iodinated human serum albumin (Oh et al., 1975; Ueland, 1976; Seti-
abudi et al., 1976; Faxelius et al., 1977). Plasma protein-bound tracers 
cross the capillary membrane into the interstitial spaces and are detecta­
ble in the lymphatic system within minutes from the time of injection, 
and thus, a larger volume than the true intravascular volume is measured 
(Anderson et al., 1969). To correct for the rate at which the tracer is 
lost from the intravascular system, several plasma samples are withdrawn 
with time, analyzed, the concentration plotted against time, and extrapo­
lated to give concentration at time zero (Anderson et al., 1969). The 
tracer dilution technique is reliable and has been utilized in sheep and 
horses (Ekman et al., 1975; Oh et al., 1975), foals (Persson and Ull­
berg, 1979), rats (Rosso and Streeter, 1979), dogs (Allen and Reeve, 1953; 
Deavers et al., 1978), humans (Ueland, 1976; Soffronoff et al,, 1977; 
Arias, 1975) cattle (Reynolds, 1953a), and pigs (Anderson et al., 
1969; Anderson et al., 1970; Jezkova et al., 1977; Deavers et al.. 
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1978). The use of radioactive iodinated human serum albumin has no advan­
tage over that of Evans blue dye; there is no statistically significant 
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difference between plasma volume measured with I-albumin or Evans blue 
dye (Deavers et al., 1978). 
Many investigators have studied the maternal circulatory changes ac­
companying pregnancy. One of the major alterations is an increase in 
blood volume. Although there are discrepancies in the literature with 
regard to species differences and to both the total increment in blood 
volume and the pattern of change throughout pregnancy, there is general 
agreement that the rise is one of significant proportion. In the pregnant 
pig, experiments have demonstrated marked changes in body mass, plasma 
volume, total blood volume, and hematocrit. 
Body mass of pregnant gilts or sows increases throughout the gesta­
tion period (Jezkova et al., 1977; Hard and Anderson, 1979), and increases 
with each successive gestation (Salmon-Legagneur et al., 1966). Plasma 
volume and total blood volume decrease during the first seven weeks of ges­
tation and, beginning at approximately day 50 after mating, increase until 
parturition (Anderson et al., 1970; Jezkova et al., 1977). The increase 
in total blood volume from mating to day 110 of pregnancy is approximately 
30% (Anderson et al., 1970). Jezkova et al. (1977) reported pronounced 
variation in hematocrit values during gestation which conflicts with the 
data of Anderson et al. (1970) who reported that hematocrit values of sows 
remained unchanged throughout pregnancy. There was no relationship be­
tween the total litter weight at birth or the mean birthweight, and the 
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increase in blood volume or in its components, whether or not the effect 
of changes in liveweight during pregnancy was taken into account (Ander­
son et al., 1970). However, the greatest increase in plasma volume was 
during the period in which the fetuses were growing most rapidly (Pomeroy, 
1960; Elsley et al., 1968). 
The steady rise in plasma volume, beginning approximately day 50 of 
pregnancy and continuing to parturition, in the pig is similar to the 
pattern reported for the sheep (Barcroft et al., 1939), and cow (Reynolds, 
1953b; Marcilese et al., 1966). In humans, the increase in plasma volume 
reaches a peak 1 to 2 months before term and then declines slightly until 
parturition by approximately 200-300 ml (Arias, 1975). 
Recent investigations involving malnourished pregnant rats and fetal 
growth, and their relationship with plasma volume expansion have indicated 
conflicting results. Parker (1977) subjected rats to inanition beginning 
day 6 after mating for 3, 4, 5, 6, 7, 8, or 9 days and then refed ad libi­
tum until day 20 after mating. Pregnancy failed in 83% of rats subjected 
to 4 days or more of inanition. However, those rats which maintained preg­
nancy had embryonic survival rates similar to controls. Also, pregnant 
rats gained body weight at a faster rate during realimentation. In a 
similar experiment, Parker (1977) subjected rats to inanition beginning at 
day 10, 11, 12, 13, 14, or 15 and continuing through day 20. Pregnancy 
was maintained in 100% of the dams. Fetal and placental development was 
limited in the starved rats as compared with controls, but the weight of 
the conceptuses In relation to body weight of the dam was similar in 
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starved and full-fed dams. This suggests that the malnourished rat will 
consume her own body stores of fat and protein to sustain pregnancy and 
fetal growth, especially, during the later half of pregnancy. In con­
trast, Lederman and Rosso (1980) fed pregnant rats 50% of their normal in­
take throughout pregnancy and found that maternal body weight and compo­
sition remained similar to nonpregnant pair-fed controls while the fe­
tuses were severely growth retarded. This evidence is consistent with 
results demonstrating a reduced rate of maternal-fetal transfer of glu­
cose and ot-amino isobutyric acid in rats fed a protein-restricted diet 
during pregnancy (Rosso, 1977a; Rosso, 1977b). Lederman and Rosso (1980) 
have evidence that besides reducing the transfer of nutrients into the 
fetus, the malnourished dam maintains an increased feed efficiency. 
A marked expansion of plasma volume occurs during pregnancy in the 
normal rat (Brown and Pike, 1960; Knopp et al., 1975; Rosso and Streeter, 
1979). An inadequate maternal diet, either caused by a low food intake or 
a low protein intake during most of gestation, results in a marked reduc­
tion in the expansion of plasma volume in rats (Rosso and Streeter, 1979). 
Restriction of food or protein in these rats also causes a significant re­
duction in the rate of fetal growth as reflected by lower fetal body 
weight. In humans, a positive correlation between maternal plasma volume 
at term and birth weight has been reported (Hytten and Paintin, 1963; 
Retief and Brink, 1967). In addition, studies by Croall et al., (1978) 
indicate that a high proportion of women who have repeatedly given birth 
to growth retarded infants have a low nonpregnant plasma volume. These 
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results indicate that maternal factors may determine the degree of 
plasma volume expansion, and thus, influence fetal growth. Thus, the 
diet of a pregnant dam may affect blood volume expansion at various 
levels (Rosso and Streeter, 1979). 
The physiological implications of plasma volume expansion during 
pregnancy are unclear. However, in the human (Blechner et al., 1974), 
the rat (Bruce, 1976), the sheep (Morriss et al., 1980), and the cow 
(Ferrell and Ford, 1980) uterine blood flow increases several fold during 
pregnancy. Expansion of blood volume may allow maintenance of normal 
rates of blood flow to the bodies' various vital organs while increasing 
uterine blood flow with advancing pregnancy. The relationships of plasma 
volume and uterine blood flow with porcine fetal development are undefined. 
A primary objective of the present investigation was to elucidate 
possible interactions of maternal body weight, blood volume, and uterine 
blood flow with porcine fetal development. 
Uterine Blood Flow 
The role of uterine blood flow in the delivery of nutrients to the 
placenta is an important aspect of fetal growth, and ultimately, of preg­
nancy maintenance and overall reproductive potential. Fetal growth in 
the pig is influenced by litter size, in that, large litters have reduced 
piglet birth weights (Perry and Rowell, 1969). If this is a function of 
uterine blood flow, or rather, a fetal competition for finite maternal 
resources is unclear. It is accepted, however, that maternal nutrition 
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in pregnant mammals is a determinant of fetal growth (Jost, 1979). Also, 
fetal growth in the pig is known to be influenced by uterine position of 
the fetus. Fetuses at the cervical or oviductal extremes of the uterine 
horn grow at a faster rate than fetuses in the middle, while fetuses at 
the ovarian end have an advantage over that at the cervical end (Perry and 
Rowell, 1969). 
Uterine blood flow is usually measured by the indicator fractionation 
technique (Prinzmetal et al., 1948), or by electromagnetic blood flowmetry 
(Beck et al., 1965). The theory of the indicator fractionation technique 
states that if a tracer is injected into the left side of the heart and a 
good mixing of tracer and blood occurs, then the subsequent distribution 
of the tracer on its first passage through the systemic circulation re­
flects the distribution of the cardiac output (Prinzmetal et al., 1948). 
In practice, radioactive microspheres often are used for measurements of 
regional blood flow in this way since they are cleared by capillary block­
ade in a single passage through the organs of the systemic circulation if 
their diameter is greater than that of the capillaries. Furthermore, any 
microspheres which traverse arterio-venous shunts become trapped in the 
lungs so that for practical purposes recirculation can be neglected and 
the organ content of microspheres is proportional to effective blood flow 
(Mootton et al., 1977). This technique has been used for determination 
of uterine blood flow in rats (Rosso and Kava, 1980; Bruce, 1976; Tsuchiya 
et al., 1978), sheep (Ford et al., 1979), and pigs (Wootton et al., 1977; 
Ford et al., 1981). Electromagnetic blood flowmetry employs the use of 
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a transducer or probe which surrounds the artery snugly to produce proper 
electrode contact. The electromagnet within the probe is excited by a 
pulse current from a flowmeter, producing a magnetic field at right an­
gles to the direction of flow. The voltage induced in the electrolyte, 
in the form of blood, passing through the magnetic field is transmitted 
through the probe leads to the flowmeter which converts the voltage to 
flow (Beck et al., 1965). This technique is reliable and has been uti­
lized for the measurement of uterine blood flow in sheep (Rosenfeld et al., 
1974; Morriss et al., 1980), cattle (Ford et al., 1979; Ferrell and Ford, 
1980), and pigs (Hanka et al., 1975; Ford and Christenson, 1979). 
In an effort to increase our understanding of the nutritional and 
hormonal parameters necessary for pregnancy maintenance and for fetal 
growth, investigators have placed increased emphasis on the relationships 
of uterine blood flow, steroid secretion, and nutrient uptake by the 
gravid uterus. A transient increase in blood flow to the gravid uterine 
horn, or horns, at the critical time for pregnancy recognition has been 
reported in the ewe (Moor and Rowson, 1966; Greiss and Anderson, 1970), 
the cow (Betteridge et al., 1978; Ford et al., 1979), and the sow 
(Dhindsa and Dziuk, 1968; Ford and Christenson, 1979). This transient 
increase in uterine blood flow occurs during the same period when the 
presence of the embryos has been determined to be essential for the con­
tinued maintenance of the corpus luteum, and thus, continuation of preg­
nancy in these species. It seems that estrogens of embryonic origin may 
act locally in these species to cause changes in uterine arterial blood 
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flow (Perry et al., 1976; Ford and Christenson, 1979), and Initiate ma­
ternal recognition of pregnancy (Ford et al., 1981). 
The corpus luteum is essential for maintenance of ovine pregnancy 
only during the first 2 months of gestation (Casida and Warwick, 1945). 
Progesterone production by the placenta is sufficient to maintain preg­
nancy after that period. In sheep, the blood flow to the ovary ipsilateral 
to the corpus luteum is highest during these first 2 months, the period 
when relatively high blood flow per gram tissue is present in the uterus 
(Rosenfeld et al., 1974). The high ovarian blood flow during this time 
may be related to the initial maintenance of pregnancy. Uterine blood 
flow in the sheep increases from about 125 ml per min to about 1,500 ml 
per min from days 40 to 130 of gestation (Makowski et al., 1968; Rosen­
feld et al., 1974; Christenson and Prior, 1978). The greatest increase 
occurs during the last third of gestation which undoubtedly is related to 
80% of the fetal growth occurring during the last 2 months of pregnancy in 
the ewe (Rosenfeld et al., 1974). Uterine blood flow to the gravid horn 
of cattle increases from approximately 200 ml per min at day 38 to a maxi­
mum of approximately 3,800 ml per min at day 212 (Ferrell and Ford, 1980). 
The low rate of blood flow during early pregnancy in this species is con­
sistent with the rate of fetal organogenesis and differentiation during 
this period (Winters et al., 1942). The marked increase in uterine blood 
flow from days 92 to 139 of gestation reported by Ferrell and Ford (1980) 
parallels the rapid fetal growth during this period in cattle (Ferrell et 
al., 1976; Winters et al., 1942). The relationship of uterine blood flow 
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with porcine fetal development, especially during middle and late preg­
nancy, is unclear. 
Uterine blood flow was first measured in sows by Rathmacher and 
Anderson (1968) and Dickson et al. (1969) and has since been described 
extensively during the estrous cycle and early pregnancy (Ford and Chris-
tenson, 1979; Ford et al. 1981). The results indicate that uterine blood 
flow is increased significantly in pregnant as compared with nonpregnant 
pigs by day 12, and by day 13 of gestation uterine segments associated 
with the conceptuses have greater blood flow than uterine segments be­
tween conceptuses. Similarly, Wootton et al. (1977) observed in pregnant 
sows a high correlation between placental blood flow and placental weight, 
as well as, a high correlation between placental weight and fetal weight. 
Pig (Perry and Rowell, 1969), and mouse (McLaren, 1965) fetuses located 
at the oviductal or cervical extremes of the uterus grow at a faster 
rate than fetuses in the center. McLaren (1965) regarded the 
"unfavorable" nature of the middle positions as strong evidence in 
favor of the "hemodynamic" theory. This theory states that the 
differences are caused by higher blood pressure in the arterial supply 
at the favorable terminal sites than at the unfavorable intermediate 
sites. Little additional information is available on porcine uterine 
blood flow. 
The role of uterine blood flow in the normal survival and development 
of the mammalian fetus is an important physiological question. Recent 
investigations by Morriss et al. (1980) have determined the effects of 
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fasting on uterine blood flow and substrate uptake in sheep. A 25% re­
duction in uterine blood flow was observed in late-gestation ewes fasted 
for 5 days. Whole blood glucose concentration and uterine glucose uptake 
also decreased during the first 3 to 5 days of fasting. Fasting also re­
sulted in a significant reduction in efficiency of placental uptake of 
amino acids. In contrast, Ferrell and Ford (1980) indicated that changes 
in amino acid uptake, in the gravid bovine uterus, are a function of blood 
flow to the uterus and not a change in efficiency of placental uptake. 
Umbilical glucose uptake has also been reported to decrease in similarly 
treated ewes (Boyd et al., 1973). An increase in maternal liver gluconeo-
genesis also was indicated by hypoalaninemia (Felig et al., 1972). It 
appears that the late-pregnant ewe responds to fasting by shunting arterial 
blood to the maternal liver at the expense of the gravid uterus. Rats fed 
50% of control intake have decreased uterine and placental blood flow re­
sulting from an inability to increase cardiac output which normally occurs 
in pregnancy (Rosso and Kava, 1980). It is evident that species differen­
ces exist for the effects of malnutrition on uterine blood flow. The 
effects of severe nutrient deprivation during late pregnancy on the re­
lationship of porcine uterine blood flow and fetal growth are undefined. 
A primary objective of this study was to determine these effects. 
Ornithine Decarboxylase Activity 
The polyamines putrescine, spermidine, and spermine are aliphatic 
compounds natural to animal tissues. The discovery of spermine is 
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credited to Leeuwenhoek in 1677, but little systematic research of poly-
amines occurred before 1960. The primary precursors of polyamines in 
animal tissues are L-ornithine and L-methionine, the former converted to 
the polyamine putrescine by decarboxylation. L-methionine is activated 
by adenosine triphosphate to 5-adenosyl-L-methionine and is then the donor 
of propylamine for the synthesis of spermidine and spermine. There are 
four enzymes primarily responsible for the synthesis of the polyamines; 
1) ornithine decarboxylase 2) 5-adenosyl-L-methionine decarboxylase 3) 
spermidine synthase 4) spermine synthase. In mammalian tissues, ornithine 
decarboxylase (GDC) has the lowest basal activity of these enzymes and 
thus it is considered as the rate limiting enzyme of polyamine biosynthe­
sis. The properties of markedly high inducibility and brief molecular 
half-life make GDC a unique mammalian enzyme. 5-Adenosyl-L-methionine 
decarboxylase, required for synthesis of spermidine, also possesses a 
short half-life, but is much less inducible than GDC. The propylamine 
transferases, spermidine and spermine synthases are, in contrast to the 
decarboxylases, stable enzymes with long half-lives (Janne et al., 1978). 
Raina (1963) and Janne et al. (1964) conducted the first systematic 
and comprehensive studies relating to the concentrations of the poly­
amines to general parameters of cellular growth, such as the contents of 
protein, DNA and ENA in the developing chick embryo. They found that 
the fluctuations in polyamine concentrations correlated well with concen­
trations of protein and RNA. In a report by Russell and Snyder (1968), 
it was demonstrated that increases in polyamine and nucleic acid content 
were preceded by a marked but transient increase in ODC activity, either 
during the development of the chick embryo or in the regenerating rat 
liver. Russell and Snyder (1968) also developed the assay technique for 
the determination of ODC which is the basis for the more recent techniques. 
ODC activity is assayed by capturing and measuring radioactive ^^COg re­
leased when DL-(carboxy-*\c) ornithine monohydrochloride is incubated with 
tissue extracts. High polyamine concentrations and ODC activity have been 
reported in larvae of the toad (Russell, 1971) in the chick embryo (Raina, 
1963; Janne, et al., 1964), in the rat fetus and placenta (Russell and 
McVicker, 1972; Williams and McAnulty, 1976), in the human fetus and pla­
centa (Sturman and Gaull, 1974; Gunaga et al., 1972), and in various other 
tissues of the rat (McAnulty and Williams, 1977a; McAnulty and Williams, 
1977b), mouse (Braddon, 1978), and pig (Veldhuis et al., 1979; Osterman 
and Hammond, 1977). 
There probably are few, if any, exceptions to the general rule that 
whenever a hormone produces an anabolic response in its target tissue^ an 
early stimulation of ODC is observed (Janne et al., 1978). Russell and 
Snyder (1969) found that hypophysectomy results in a rapid and marked de­
crease in concentration of rat liver spermidine. Also, exogenous growth 
hormone administered to normal rats causes a marked increase in liver 
spermidine synthesis, and this effect can be attributed to an early and 
rapid rise in ODC activity. Growth hormone also stimulates polyamine syn­
thesis in rat kidney, brain, thymus, heart, adrenals, and in regenerating 
rat liver (Roger et al., 1974). Recent evidence suggests that the effect 
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of growth hormone on polyamine synthesis may not be mediated via the for­
mation of the somatomedins (Holladay et al., 1975). The close associa­
tion of polyamine metabolism with growth regulation of male accessory 
glands by androgens has been described by Moulton and Leonard (1969). The 
rapid involution of rat ventral prostate and seminal vesicle following 
castration results in swift decay in the ODC activity, and a pronounced 
depletion of putrescine in the tissues. Androgen administration restores 
rapid growth of these two accessory glands and equally as rapidly restores 
the polyamine concentrations through an early and rapid stimulation of 
ODC. Estrogens specifically stimulate both ODC and adenosyl-methionine 
decarboxylase activities in the uterus of immature castrated rats (Janne, 
et al., 1978). Follicle stimulating hormone (FSH) and luteinizing hormone 
(LH) cause a dose dependent stimulation of ODC activity in granulosa cells 
isolated from porcine ovarian follicles (Osterman and Hammond, 1977). 
Hepatic ODC activity is stimulated in adrenalectomized rats by.hydrocor­
tisone, growth hormone, insulin, glucagon, and thyroxine (Panko and Kenney, 
1971), but none of these act directly. Relaxin, a protein hormone of 
pregnancy, stimulates ODC activity 2 to 8 fold in both the mouse pubic 
symphysis and uterus within 2 to 4 hours (Braddon, 1978). 
It is evident that increases in ODC activity are prevalent in many 
hormonally stimulated tissues as well as in those systems which involve 
rapid cell proliferation. A direct role in the control of RNA polymerase 
I has been proposed for ODC (Manen and Russell, 1977). They indicate that 
RNA polymerase I activity is controlled through a modification of its 
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structure by the binding of ODC. The increase in polyamine levels 
associated with an observed ODC activity increase has led to speculation 
as to the role of polyamines. Mamont et al. (1976) suggested that sper­
midine is a controlling factor in DNA synthesis and cell division. In 
contrast, Hernandez et al. (1973) proposed that increased levels of poly­
amines stabilize polysomes to increase efficiency of protein synthesis. 
These studies provide evidence that either ODC itself or its polyamine 
products may be involved in the processes of protein, DNA, and RNA syn­
thesis. ODC appears to be an intermediary in the eliciting of a hormone 
induced biological response by a target tissue. 
Other experimental evidence suggests that the fetus is spared at 
least some of the effects of maternal malnutrition. Williams and Mc-
Anulty (1976) reported that deficiencies in body weight of the fetal rat 
did not occur until 12 days after the initiation of a 50% dietary intake 
restriction of the dam, although the effects were apparent earlier in the 
placenta. The time of the growth retardation in these two tissues was 
later, however, than that reported by Brasel and Winick (1972) during pro­
tein malnutrition. Fetal cell number (total DNA) has been maintained in 
rats (Williams and McAnulty, 1976), and the brain, liver, and heart of 
fetal pigs (Hard, 1978) despite severe maternal nutrient deprivation. 
Total RNA is not affected in the rat fetus and placenta (McAnulty and 
Williams, 1975) during a 50% dietary intake reduction of the dam and in 
fetal pig brain during maternal inanition of 40 days (Hard, 1978). ODC 
activity in the normal rat fetus decreases throughout gestation (McAnulty 
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and Williams, 1976), and in the rat placenta this enzyme activity in­
creases initially but then falls. In the fetuses and placentae from 
undernourished rats, changes are seen in ODC activity before any other 
response (McAnulty and Williams, 1975); in both tissues the enzyme activi­
ty increases between days 15 and 16 of gestation and remains elevated un­
til day 17. ODC responds to anabolic stimuli (Morriss and Fillingame, 
1974), and the increase in ODC activity may play a role in a compensatory 
mechanism to maintain normal cell number during undernutrition. Possi­
bilities for the identity of. ODC stimulating-factor which occurs in 
calf serum (Morley, 1972; 1974), may be placental lactogen (Bolander et 
al., 1976) in cattle or chorionic somatomammotrophin in rats (Josimovich 
et al., 1969) and humans (Tyson et al., 1971). Maternal undernutrition 
in the rat results in a compensatory response in the fetus. Cell number 
is maintained and an increase in ODC activity occurs, although cell size 
is reduced. Changes in.ODC activity appear to be useful in studying com­
pensatory responses of the dam and fetus during periods of swine nutrient 
deprivation. A primary objective of this study was to determine the re­
lationships between maternal liver and fetal brain and liver ODC activity, 
and porcine fetal survival and development. 
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MATERIALS AND METHODS 
Experimental Animals 
Thirty nulliparous Yorkshire gilts, 5-7 months old and weighing 
approximately 120 kg at mating, were used in these experiments. Pre-
experimental nutritional status of these young, growing gilts was excel­
lent, and this could be a factor in determining the response to pro­
longed inanition during pregnancy. Care was exercised to ensure that 
pigs were free of recognized communicable diseases that could interfere 
with reproduction by previously described criteria (Anderson et al., 
1979). The gilts were checked daily for estrous behavior in the presence 
of fertile boars but were not allowed to mate. Gilts exhibiting normal 
estrous cycles (20 ± 2 days) were assigned randomly to either the experi­
mental or control group. The gilts were bred by fertile boars on the 
first day of the third observed estrus; first day of estrus was designated 
day 0. Management and housing were similar for all gilts and have been 
described previously (Hard and Anderson, 1979). 
Experimental Groups 
Mated gilts were subjected to a prolonged period of inanition during 
the last third of pregnancy and their reproductive performance was com­
pared with that of full-fed controls. The description of dietary regi­
mens for experimental and control gilts for the three experiments is 
presented in Figure 1. In Experiments I and II control gilts were fed 
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a full diet (2.72 kg/day ; 7,028 kcal/day) of a previously described (Hard, 
1978) 16% protein ration from mating (day 0) to day 112 of pregnancy. 
These animals then were allowed free access to the 16% protein ration 
throughout the remainder of gestation and lactation. The experimental 
gilts in Experiments I and II were fed 2.72 kg/day of the same diet from 
mating until day 50. From days 50 to 90 after mating (40 days), these 
pigs were subjected to inanition (0 kcal/day; water only). After pro­
longed starvation, the pigs were gradually realimentated by increments of 
0.21 kg/day during a period of 13 days to a full diet (2.72 kg/day; 7,028 
kcal/day). Beginning day 112 after mating, inanition animals also were 
allowed free access to the 16% protein ration throughout the remainder 
of gestation and lactation. Sex and body weight of offspring born to ex­
perimental and control dams were determined within 6 hr of birth. The 
experimental and control gilts in Experiment III were fed the same as the 
gilts in the corresponding groups in Experiments I and II until the time 
of hysterectomy at day 90 when the experiment was terminated. (Figure 1). 
Experiment I 
Hematologic analysis 
Six experimental and 6 control gilts were weighed at 10-day inter­
vals from the beginning of treatment (day 50) to day 100 after mating. 
Blood was obtained from the anterior vena cava every 5th day from all 
gilts. The blood was quickly transferred to a 5 ml Vacutainer (Becton-
Dickinson) containing 7.5 mg disodium edetate and cooled to 5°C. Within 
Figure 1. Description of experimental groups in Experiments I, II and III 
indicating dietary intake, day of mating, and day of hysterec­
tomy or parturition 
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60 min of collection, hemoglobin, hematocrit (PCV), erythrocyte (RBC), 
and leukocyte (WBC) counts were measured by a Haemocount MK-3 Electronic 
Cell Counter (General Science, Baker Chemical Co.). A Wright's stain 
smear was prepared for determination of leukocyte differential and the 
differential was determined on 200 randomly selected cells. The total 
peripheral plasma proteins were determined by a refractometric method 
(American Optical Refractometer, Fisher Scientific), and direct readings 
were obtained in g per dl. 
Surgical procedures 
Maternal liver tissue for determination of ornithine decarboxylase 
activity was collected from all gilts on days 50, 70, 89 and 91 after 
mating by aseptic surgical techniques. General anesthesia was induced by 
intravenous injection of sodium thiamylal (0.5 - 1.0 g; Surital, Parke-
Davis) . The animals then were maintained on a closed-circuit system of 
halothane (3-6%, Ayerst Laboratories) and oxygen (800-1,200 ml/min). A 
ventral incision was made approximately 3 cm caudal and 2 cm lateral to 
the right of the xiphoid process and the right medial lobe of the liver 
exposed. Liver tissue samples approximately 300 mg in weight were re­
moved from the anterior medial, anterior lateral, posterior medial, and 
posterior lateral borders of the right medial lobe on days 50, 70, 89 and 
91, respectively. The time from induction of general anesthesia to re­
moval of liver tissue never exceeded 20 min. 
Preparation of tissue extracts 
The excised tissues were blotted, weighed, minced and suspended in 
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2.0 ml of ice cold glycylglycine buffer (125 mM glycylglycine, 6 mM di-
thiothreital, pH 7.2; both obtained from Sigma Chemical Co.). Samples 
were homogenized at G-4°C for 40 sec with a Polytron PCU2 (Brinkman In­
struments) at a setting of 7. The homogenates were centrifuged at 20,000 
X g for 20 min, removed, and quick frozen in liquid nitrogen (-196°C). 
After freezing, the samples were stored at -95°C until analyses for orni­
thine decarboxylase activity and soluble protein content. 
Ornithine decarboxylase assay 
DL-(Carboxy-i^C) ornithine monohydrochloride (New England Nuclear, 
47.2 mCi/mmol in O.IN HCl, M.W. 132.1) was used to assay ornithine de­
carboxylase activity by measuring production of ^''COg as described by 
Russell and Snyder (1968). The assay vessels were 15 x 150 mm glass 
culture tubes (Pyrex Glass Co., No. 9820). The culture tubes were placed 
in an ice bath and into these were placed 400 yi of the previously pre­
pared supernatant and 50 PI of 2.0 mM pyridoxal-5-phosphate (Sigma Chemi­
cal Co.). After preincubation for 10 min at 37°C in a Dubnoff Metabolic 
Shaking Incubator (Precision Scientific Co.), 0.50 WCi (50 yl) of DL-
(carboxy-^\c) ornithine monohydrochloride diluted with unlabeled L-orni-
thine monohydrochloride (Sigma Chemical Co.) to give a specific activity 
of 0.49 mCi/mmol, was added to each tube. Each tube was immediately 
sealed with a medicine bottle stopper (Intermountain Veterinary Supply). 
Fixed to each stopper by silver wire was a 0.75 x 2.0 cm 1-grade filter-
paper strip (Whatman Co.) which had been previously soaked in 1.0 M 
methyl benzethonium hydroxide in methanol (Sigma Chemical Co.) and 
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blotted until almost dry. The tubes were incubated at 37°C for 60 min 
in the shaking water bath. The reaction was stopped by injecting 0.5 ml 
of 40% (w/v) trichloroacetic acid through the medicine bottle stopper. 
Incubation was continued, with shaking, for an additional 30 min. The 
filter-paper strips were removed from the bottle stopper and placed in a 
glass scintillation vial containing 10 ml of toluene with 0.8% (w/v) 2,5-
diphenyloxazole, 0.03% (w/v) l,4-bis-(5 phenyloxazolyl) benzene (both 
from Fisher Scientific Co.), and 25 yl 1.0 M methyl benzethonium hydroxide 
in methanol. Radioactivity was determined in a scintillation spectrom­
eter (Packard Tri-Carb Model 3002). 
The amount of ^^COg released from tubes with buffer but with no liver 
tissue was subtracted from the value for all other samples. Picomoles of 
^^COg released per 60 min/400 yl supernatant were calculated. Soluble 
protein concentration of the supernatant was determined by the method of 
Lowry et al. (1951) using bovine serum albumin (Sigma Chemical Co.) to 
develop a standard curve. Ornithine decarboxylase activity was expressed 
as picomoles of ^^CO^ released per 60 min per mg soluble protein. Pre­
liminary experiments indicated that within the range of protein concentra­
tion found in these samples, as well as those in Experiment III, ornithine 
decarboxylase activity was linear to protein concentration. Also decarbox­
ylation was linear with time for up to 120 min of incubation. Measures of 
ornithine decarboxylase and protein were made in duplicate for each sample. 
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Experiment II 
Reproductive performance 
Experimental (n = 6) and full-fed control (n = 6) gilts were weighed 
at 20-day intervals from the beginning of treatment (day 50) to day 110 
after mating. Body weight at birth, total litter weight, litter size, 
and sex of the offspring from these dams were determined within 6 hr after 
birth. 
Plasma volume determination 
Plasma volume and hematocrit were measured in all experimental and con­
trol animals on days 50, 70, 90 and 110 after mating utilizing a modifi­
cation of the techniques of Anderson et al. (1969) and Rosso and Streeter 
(1979). Red cell volume and total blood volume were calculated from plasma 
volume and hematocrit. Feed was removed from the pens of all animals the 
afternoon of the day preceding plasma volume determination. Animals re­
ceived a polyethylene jugular catheter between 0800 hr and 0900 hr on the 
day of plasma volume determination which began at 1400 hr. Any blood lost 
during the cannulation procedure was collected and the volume (usually 
less than 20 ml) was considered in the calculations of plasma and blood 
volume. All manipulations were made as quietly as possible to avoid dis­
turbing the gilts. Four 12 ml samples of blood were removed and placed in 
heparinized (35 i.u.) 16 x 100 mm culture tubes. Approximately 150 rag of 
T-1824 dye (Evans blue, Sigma Chemical Co.) in 40 ml of sterile normal 
saline was injected through the jugular catheter and flushed with 8 ml 
heparinized (100 i.u./ml) saline. The exact quantity of dye injected was 
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determined after the Injection by differential weight of the syringe. It 
was determined in a preliminary study using pigs in similar stages of 
pregnancy and of similar body weight that the base 10 logarithm of 
measured dye concentration declined linearly with time for up to 120 min 
(r >.950) if a dose of approximately 150 mg T-1824 dye was injected. 
During the 60 min following the injection of dye, 12 ml of blood were taken 
and placed in heparinized (35 i.u.) 16 x 100 mm culture tubes at 10 min 
intervals from the time of dye injection. 
The blood samples were centrifuged at 3000 x g for 30 min and the 
plasma removed. If needed, appropriate dilutions were made and the con­
centrations of T-1824 dye in the plasma were determined from their optical 
densities measured at 620 my in a Beckman DU spectrophotometer (Beckman 
Instruments Inc.). The plasma from the initial blood sampling was used to 
develop a plasma standard curve and an appropriate blank. The concentra­
tion of dye in plasma at time zero (the time of injection) was estimated 
by extrapolation to zero time the regression on time of the base 10 log­
arithm of the measured concentrations of dye. The total plasma volume 
was derived from the ratio of the weight of dye injected to the concen­
tration of dye in the plasma at time zero. The total blood volume was 
calculated by dividing plasma volume by 1 minus the packed cell volume, %. 
Hematocrit was measured, as described in Experiment I, on the 30 and 60 
min blood samples and their mean was used in the calculation of total 
blood volume. Since hematocrit values were similar among groups, no 
correction for trapped plasma was made. 
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Experiment III 
Uterine blood flow measurement 
Six gilts of similar body weight (121 ± 3.0 kg) were randomly 
assigned at mating to either the experimental (n = 3) or full-fed control 
(n = 3) group. All animals were weighed at mating, and at days 50, 70, 
and 90 after mating. Factory calibrated electromagnetic blood flow trans­
ducers (18 and 20 mm internal circumference) were surgically implanted 
around either both or one randomly selected middle uterine artery on Day 
47 or 48 after mating, in a manner similar to that described previously 
for the cow (Ford et al., 1979) and pig (Ford and Christenson, 1979). 
One animal in each group received transducers bilaterally and the remaining 
2 animals in each group received 1 transducer on a randomly selected 
middle uterine artery. The gilts used in this experiment were placed in 
modified (raised) farrowing crates 1 week before surgery and allowed to 
acclimate. All animals readily adjusted to handling and confinement during 
this period. Food was removed from the gilts 24 h before surgery. Gener­
al and surgical anesthesia procedures were as described in Experiment I. 
The uterus and ovaries were exposed by midventral laparotomy, and a seg­
ment of the middle uterine artery 1 to 2 cm caudal to its first bifur­
cation was exposed. Adventitia was removed from a 1 cm segment of the 
vessel and its diameter determined. A flow transducer(s) head was intro­
duced into the abdominal cavity via a small para-lumbar incision, was 
placed around the artery, and secured within the mesometrium with silk 
sutures. The electrical connector for each probe was secured to an 
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elastic patch and cemented to the flank at the site of entry. 
After surgery, until day 90 after mating, all gilts remained in the 
modified crates which permitted animals to stand or lie down. Beginning 
with treatment at day 50 after mating, blood flow (ml/min) through the 
middle uterine arteries was monitored daily between 0800 and 1000 h. 
Blood flow values displayed by the flowmeter (Model 501D, Carolina Medical 
Electronics, Inc.) were recorded at 15 second intervals for a 12 min moni­
toring period each day. The average of the values recorded during this 
period was considered to be an estimate of uterine arterial blood flow for 
that day. Each day the order of monitoring the animals was randomized. 
Full-fed control animals were not fed until monitoring had been completed 
each day. Pregnancy and placement of flow transducers were verified at 
surgery on day 90 after mating. 
Day 90 surgical procedures 
Brain and liver tissues for determination of ornithine decarboxylase 
activity were collected from 6 fetuses (3 randomly selected from each 
uterine horn) from each of the experimental and control dams. The dam was 
subjected to general and surgical anesthesia procedures as described in 
Experiment I. The uterus and ovaries were exposed by midventral laparotomy. 
The uterine horns were incised and fetal position, sex and viability de­
termined. Fetal liver tissue (left medial lobe) and fetal brain tissue 
(cerebrum medial to the ectomarginal sulcus) samples, weighing approxi­
mately 300 rag, were removed from the fetuses with the umbilicus remaining 
intact. Fetal cerebral tissue medial to the ectomarginal sulcus will be 
referred to hereafter as fetal brain, whereas fetal left medial lobe 
liver tissue will be referred to hereafter as fetal liver. After removal 
36 
of fetal brain and liver samples the fetuses were removed and weighed. 
The ovaries were removed, weighed, and corpora lutea number recorded. 
The mesovarium, mesometrium, and cervix were ligated with nylon suture, 
and the uterus removed, dissected, and weighed. 
Fetal ornithine decarboxylase activity 
The excised fetal liver and brain tissue were treated similarly to 
the maternal liver tissue in Experiment I except that homogenization time 
was reduced to 20 sec. The fetal ornithine decarboxylase assay did not 
differ from the maternal ornithine decarboxylase assay described in 
Experiment I. 
Abbreviations 
Abbreviations are designated for pigs subjected to inanition from 
days 50 to 90 after mating as (I), and for full-fed controls as (C). 
Abbreviations also have been designated for body weight (BW), total plas­
ma volume (PV), total blood volume (BV), packed cell volume (PCV), uterine 
blood flow (UBF), total uterine blood flow (TUBF), litter size (LS), 
fetal body weight (FW), and ornithine decarboxylase (GDC). 
Statistical Analysis of Data 
In these experiments, females were assigned to one of two treatments 
in a completely randomized design. Each gilt or litter was considered an 
experimental unit receiving one of the treatments. Comparisons among 
attributes of offspring produced by these females were based on analyses 
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of litter means. A one-way analysis of variance and Student's t-test 
for continuous variables and Chi-square test for discrete variables 
were used to compare differences between the 2 treatment groups. A 
simple linear regression model was used in Experiment II to develop 
the linear prediction equations for maternal plasma and blood volume 
from dam body weight. These equations were used to predict plasma and 
blood volume in Experiment III. Also in Experiment III, the correla­
tion between blood flow measurements in bilateral uterine horns was 
not significant and low and, therefore, data from each blood flow 
transducer were considered as independent observations. The Statistical 
Analysis System (SAS, Barr and Goodnight, 1979) was used for the 
analyses of data at the Iowa State University Computation Center. 
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RESULTS 
Experiment I 
Inanition on body weight of dams 
Prolonged inanition resulted in a marked reduction in maternal body 
weight (Figure 2). Initially, body weight of full-fed controls (C, 156.0 
± 7.55 kg) was similar (P>.05) to that of gilts subjected to inanition 
from days 50 to 90 after mating (I, 162.9 ± 3.97 kg). After 20 days in­
anition on day 70 after mating, body weight of the I dams (141.7 ± 3.60 
kg) was less (P<.05) than that of C dams (170.9 ± 6.93 kg) and remained 
significantly lower (P<.05) through day 100 of pregnancy. By day 89 after 
mating, the day prior to realimentation, I gilts had lost 37.2 kg while 
the C gilts had gained 21.6 kg over the same period. Body weight at day 
100, near the end of pregnancy, was decreased (P<.01) from the initial day 
50 weight in I pigs, but was significantly increased (P<.01) in the C 
gilts. 
Inanition on blood plasma parameters 
Peripheral hemoglobin and erythrocyte concentrations, and packed cell 
volume percentage did not differ (P>.05) among I and C gilts during in­
anition of 40 days from days 50 to 90 of pregnancy (Figure 3). During 
the realimentation period from days 90 to 100, however, there was a sig­
nificant decrease (P<.05) in these parameters in I dams as compared with 
C dams. Hemoglobin concentration at day 100 of gestation in I dams was 
10.3 ± 1.08 g/dl which was significantly lower (P<.05) than levels in the 
Figure 2. Body weight of dams subjected to prolonged inanition after 
mating; Mean and S.E. 
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Figure 3. Hemoglobin, packed cell volume and erythrocyte concentrations 
of dams subjected to prolonged inanition after mating; Mean and S.E. 
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control gilts (13.0 ± 0.53 g/dl). Packed cell volume decreased (P<.05) 
to 37 ± 1.6% in I gilts the day immediately following initiation of reali-
mentation (day 90) and decreased further (P<.05) to 32 ± 1.1% by day 95 
and 30 ± 3.0% by day 100. As expected, the change in erythrocyte concen­
tration from days 90 to 100 paralleled the change in packed cell volume. 
Peripheral plasma protein was determined in sequential blood samples 
from day 50 until day 100 in all experimental and control gilts (Figure 4). 
Plasma protein in I and C dams remained at similar (P>.05) concentrations 
of 7.3 to 7.9 g/dl throughout the 40-day inanition period. A high 
variation in the protein concentration for I gilts at day 70 of pregnancy 
was caused by one gilt which had an extremely low concentration (2.5 g/dl) 
on that day. Therefore, this value was considered an outlier and was exclu­
ded fron the mean and S.E. presented in figure 4. Dams in the I group had 
lower (P<.05) circulating protein concentrations during refeeding on day 
91 (7.3 ± 0.14 vs 8.2 ± 0.14 g/dl) and day 100 (7.1 ± 0.22 vs 8.1 ± 0.18 
g/dl) as compared with controls. 
The peripheral leukocyte concentrations of dams starved during the 
last third of pregnancy remained similar (P>.05) to controls, but with an 
increasing trend for higher concentrations with increasing duration of 
fast (Figure 4). By days 80 to 89 of gestation, the leukocyte concentra­
tion of I gilts was increased (P<.05) as compared with controls. After 
the period of starvation, and during gradual realimentation leukocyte con­
centrations again were similar (P>.05) in I and C animals. During the 
period of elevated leukocyte concentration (days 80 to 89 after mating) a 
shift in cell types, as indicated by percentages of leukocyte differential. 
Figure 4. Plasma protein and leukocyte concentrations of dams subjected 
to prolonged inanition after mating; Mean and S.E. 
A Full-fed controls (n = 6) 
• Inanition days 50 to 90 (n = 6) 
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also occurred (Figure 5); neutrophil percentage was increased (46.4 ± 3.38 
vs 32.7 ± 3.59; P<.05) and lymphocyte percentage was decreased (50.7 ± 3.31 
vs 64.1 ± 3.80; P<.05) in I as compared with C dams. Similar to the leuk­
ocyte concentrations, the cell type differentials were similar (P>.05) 
after the period of starvation and during gradual realimentation in both 
experimental groups. Eosinophil and monocyte percentages remained similar 
(P>.05) throughout the period of inanition and realimentation. 
Inanition on reproductive performance of the dam 
Gestation length in the 6 gilts subjected to inanition of 40 days from 
days 50 to 90 of pregnancy (I) was similar (P>.05) to gestation length in 
the 6 gilts full-fed (C) throughout the same period (Table 1). Birth 
weights of living and dead offspring from I gilts tended to be lower than 
C gilts but remained similar (P>.05). Similarly, total litter weights at 
birth were similar (P>.05) although, weights tended to be lower in I than 
in C piglets. Inanition had no effect on litter size at birth (Table 1). 
Animals that were full-fed gave birth to an average of 8.5 live pigs, 
while animals subjected to prolonged inanition during late pregnancy also 
delivered 8.5 live pigs. The number of pigs born dead in each litter also 
was similar (P>.05) in all dams in the experimental groups. The ratio of 
female to male offspring from I and C dams also was similar (P>.05) and 
averaged 1.15. It is evident that inanition of 40 days during late preg­
nancy has little, if any, significant effect on reproductive performance 
at birth. 
Figure 5. Leukocyte differential of dams subjected to prolonged inanition 
after mating; Mean and S.E. 
A Full-fed controls (n = 6) 
• Inanition days 50 to 90 (n = 6) 
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Table 1. Reproductive performance of gilts subjected to inanition during late pregnancy^ 
Offspring Litter weight Litter size 
Experi­ Day of birthweight, kg at birth. kg at birth Sex 
mental Parturi­ Living Dead Living Dead Living Dead ratio 
group tion pigs pigs pigs pigs pigs pigs F/M 
Inanition 114.8* 1.15* 0.50* 9.69* 0.70* 8.5* 0.7* 1.20* 
days 50 + 0.48 + 0.082 + 0.227 + 1.389 + 0.385 + 1.18 + 0.33 + 0.247 
to 90 
(n = 6) 
Full-fed 115.5* 1.36* 0.66* 11.54* 0.66* 8.5* 0.5* 1.11* 
controls + 0.43 + 0.050 + 0.297 + 0.519 + 0.297 + 0.34 + 0.22 + 0.149 
(n = 6) 
^Mean and S.E.; means within column with different superscript are different at P<.05 
level of significance. 
50 
Inanition on maternal liver ornithine decarboxylase 
Prolonged inanition of dams during the last third of pregnancy had 
a marked effect upon ornithine decarboxylase (GDC) activity of maternal 
liver (Figure 6). The GDC level at day 50 of pregnancy was 55.3 ± 5.99 
picomoles CO2 released per 60 min per mg soluble protein in I gilt liver 
tissue which was similar (P>.05) to the 60.5 ± 5.32 picomoles COg released 
per 60 min per mg soluble protein in liver tissue from full-fed controls. 
Although GDC activity was similar at day 50, by day 70 of gestation GDC 
activity was reduced (P<.01) to very low levels in I gilt liver tissue 
(8.0 ± 2.16 picomoles CO^ released per 60 min per mg soluble protein). C 
gilt liver tissue, however, remained at levels similar (P>.05) to the 
initial day 50 levels (64.1 ± 5.08 picomoles CO^ released per 60 min per 
mg soluble protein). At day 89, the day previous to beginning realimen­
tation, I gilt liver GDC activity remained low (P<.01) (7.7 ± 2.58 pmoles 
activity) as compared to C gilts liver GDC activity (55.2 ± 5.3 pmoles 
activity). In contrast, after refeeding which began on day 90, the GDC 
activity of liver tissue from gilts subjected to 40 days inanition had 
increased (P<.01) markedly (10-fold) from day 89 of pregnancy and was simi­
lar (P>.05) to levels in C gilt liver tissue. There seemed to be a trend 
for a compensatory increase in I gilt liver GDC activity (79.5 vs 58.5 
pmoles activity in I vs C gilts, respectively). 
Experiment II 
Inanition on plasma volume and blood volume of dams 
Body weight, plasma volume, and packed cell volume were determined in 
Figure 6. Maternal liver ornithine decarboxylase (ODC) activity of dams 
subjected to prolonged inanition after mating 
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6 gilts subjected to inanition from days 50 to 90 of pregnancy and in 6 
full-fed controls (Table 2). Total blood volume was estimated in these 
12 gilts from packed cell volume and plasma volume which were determined 
on days 50, 70, 90, and 110 after mating. Packed cell volume (PCV) was 
similar (P>.05) in I and C gilts on days 50, 90, and 110 after mating. I 
gilt PCV was increased (P<.05) as compared to C gilts on day 70 after 
mating; this difference was not detected in Experiment I. Plasma volume 
and blood volume were highly related to body weight and were significantly 
correlated (body weight:plasma volume, r = .65, P<.0001; body weight: 
blood volume, r = .58, P<.0001). Plasma volume or blood volume expressed 
as percentages of body weight were similar (P>.05) in I and C dams on days 
50, 70, 90, and 110 of pregnancy. Plasma volume's percent of body weight 
averaged 3.9%, while the mean of blood volume expressed as a percentage 
of body weight was 5.9%. Day 50, 70, and 110 maternal body weight, plasma 
volume, and blood volume of full-fed controls and inanition gilts were 
similar (P>.05). On day 90 body weight, and plasma and blood volumes of 
the gilts subjected to inanition were decreased (P<.05) as compared to 
full-fed controls. Change from initial (day 50) body weight, plasma 
volume, and blood volume on days 70, 90, and 110 in I and C gilts is 
presented in Figure 7. Changes from initial body weight at day 70 (-16.5 
± 0.99 vs 9.8 ± 2.25 kg), day 90 (-31.0 ± 2.62 vs 19.0 ± 2.65 kg), and 
day 110 (-2.8 ± 3.75 vs 30.7 ± 3.39 kg) were different (P<.05) in I as 
compared to C gilts, respectively. Changes in plasma volume and blood 
volume paralleled changes in body weight. I gilts lost 0.95 ± 0.417 L 
Table 2. Body weight (BW), total plasma volume (PV), packed cell volume (PCV), 
and total blood volume (BV) of dams after mating! 
Experi- PV as a BV as a 
mental BW, PV, % of BW, PCV, BV, % of BW, 
group kg L % % L % 
DAY 50 
Inanition 
days 50 
to 90 
(n = 6) 
188.2* 
+ 11.98 
7.47* 
+ .378 
4.02* 
+ .231 
35.3* 
+ .94 
11.56* 
+ .648 
6.20* 
+ .321 
Full-fed 
controls 
(n = 6) 
179.2* 
+ 13.48 
6.34* 
+ .444 
3.59* 
+ .252 
DAY 70 
35.5* 
+ .88 
9.82* 
+ .648 
5.58* 
+ .436 
Inanition 
days 50 
to 90 
(n = 6) 
171.8* 
+ 11.63 
6.52* 
+ .354 
3.84* 
+ .228 
36.7* 
+ 1.19 
10.29* 
+ .519 
6.07* 
+ .351 
Full-fed 
controls 
189.0* 
+ 12.96 
6.96* 
+ .375 
3.72* 
+ .139 
32.0^  
+ 1.46 
10.24* 
+ .526 
5.48* 
+ .254 
(n = 6) 
Experi­ PV as a BV as a 
mental BH, PV, % of BW, PCV, BV, % of BW. 
group kg L % % L % 
DAY 90 
Inanition 157.3* 6.21* 4.04* 35.3* 9.62* 6.26* 
days 50 + 10.96 + .146 + .259 + 1.74 + .275 + .431 
to 90 
(n = 6) 
Full-fed 198.2^  7.34^  3.74* 34.7* 11.28^  5.73* 
controls + 13.17 + .458 + .193 ± -59 + .666 + .320 
(n = 6) 
DAY 110 
Inanition 185.4* 7.68* 4.20* 29.1* 10.86* 5.94* 
days 50 + 10.12 + .096 + .193 + 1.62 + .253 + .312 
to 90 
(n = 6) 
Full-fed 209.9* 8.01* 3.86* 31.5* 11.72* 5.66* 
controls + 10.80 + .378 + .252 + .89 + .647 + .409 
(n = 6) 
Mean and S.E.; means within day and column with different superscript are 
different at P<.05 level of significance. 
Figure 7. Body weight (BW), plasma volume (PV) and blood volume (BV) 
changes during prolonged inanition in the pig; Mean and S.E. 
A Full-fed controls (n = 6) 
• Inanition days 50 to 90 (n = 6) 
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in plasma volume and 1.29 ± 0.617 L in blood volume by day 70 and lost 
1.27 ± 0.306 L in plasma volume and 1.96 ± 0.613 L in blood volume by day 
90 after mating, which were different (P<.05) from full-fed controls. C 
gilts gained 0.69 ± 0.252 L in plasma volume and 0.53 ± 0.419 L in blood 
volume by day 70 and gained 1.06 ± 0.378 L in plasma volume and 1.63 ± 
0.526 L in blood volume by day 90 of pregnancy. At day 110 of gestation, 
plasma volume (+ 0.21 ± 0.351 vs + 1.67 ± 0.326 L) and blood volume (-0.70 
± 0.690 vs + 1.92 ± 0.609 L) changes were decreased (P<.05) in I as com­
pared to C gilts, respectively. A simple linear regression model indi­
cated prediction equations for plasma and blood volume from maternal body 
weight and these are presented in Figure 7. 
Inanition on reproductive performance of the dam 
Similar to results of Experiment I, gestation length, birth weight, 
litter weight, litter size, and sex ratio were similar (P>.05) in gilts 
subjected to inanition from days 50 to 90 after mating and full-fed con­
trols (Table 3). 
Experiment III 
Inanition on day 90 reproductive performance 
Six gilts of similar age and weight were assigned randomly at mating 
to either inanition from days 50 to 90 of gestation (n = 3) or to a con­
trol full-diet throughout pregnancy (n = 3). Uterine blood flow was 
measured in all 6 dams from day 50 until hysterectomy at day 90 of preg­
nancy. Reproductive performance at day 90 after mating is presented in 
Table 3. Reproductive performance of gilts subjected to inanition or full-fed during late 
pregnancy! 
Offspring Litter weight Litter size 
Experi­ Day of birthweight, kg at birth , kg at birth Sex 
mental Parturi­ Living Dead Living Dead Living Dead ratio 
group tion pigs pigs pigs pigs pigs pigs F/M 
Inanition 115.7* 1.30* 0.80* 10.43* 0.80* 8.2* 0.7* 1.52* 
days 50 + 0.61 + 0.062 + 0.281 + 1.263 + 0.281 + 1.11 + 0.21 + 0.519 
to 90 
(n = 6) 
Full-fed 115.3* 1.40* 0.79* 11.26* 1.44* 8.2* 1.2* 1.66* 
controls + 0.33 + 0.083 + 0.262 + 0.956 + 0.790 + 0.79 + 0.61 + 0.461 
(n = 6) 
^Mean and S.E.; means within column with different superscript are different at P<.05 
level of significance. 
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Table 4. Day 90 fetal body weight, litter weight and litter size were 
similar (P>.05) in I and C gilts. Total ovarian weight was similar (P>.05) 
in all gilts but there was a trend for lower weight in the I as compared 
to C animals. Bilateral corpora lutea number and uterine weight also were 
similar (P>.05) in I and C gilts. 
Inanition on uterine blood flow, plasma volume and blood volume 
Uterine blood flow was measured daily from day 50 to day 90 of preg­
nancy in all gilts (Figure 8). Uterine blood flow did not differ (P>.05) 
between I and C gilts and was similar (P>.05) across time from day 50 to 
day 90 in each treatment group. The mean uterine blood flow over all days 
in I gilts was 1.46 ± 0.174 L/min/uterine horn and 1.34 ± 0.178 L/min/ 
uterine horn in full-fed C gilts (Table 5). Blood flow per live 
fetus (361.5 ± 13.90 vs 338.3 ± 22.9 ml/min/live fetus) and blood flow per 
g live fetus (0.78 ± 0.044 vs 0.73 ± 0.019 ml/min/g live fetus) at day 90 
also was similar (P>.05) in I and C animals, respectively. 
Prolonged inanition caused a marked decrease in body weight and was 
similar to that observed in Experiments I and II (Table 6). During the 
period of inanition (days 50 to 90 of pregnancy), I dams lost an average 
of 34.7 kg and C dams gained 28.3 kg in body weight. Estimates of plasma 
volume and blood volume were made utilizing prediction equations gener­
ated in Experiment II for gilts from the same herd and of similar (P>.05) 
body weight and stage of pregnancy. Plasma volume was similar (P>.05) 
in I gilts (6.54 L) and C gilts (6.61 L) at day 50 after mating. A sig­
nificant reduction (P<.05) in plasma volume occurred by day 70 of 
Table 4. Reproductive performance at day 90 after mating of gilts subjected to inanition 
during late pregnancy^  
Experi­
mental 
group 
Day 90 fetal 
body weight, g 
Living Dead 
pigs pigs 
Litter weight 
at day 90. g 
Living 
pigs 
Dead 
pigs 
Litter size Bilateral 
at day 90 Bilateral corpora 
Living Dead ovarian lutea Uterine 
pigs pigs weight, g no. weight, g 
Inanition 
days 50 
to 90 
(n = 3) 
460.8 
+ 18.70 
24.8* 
+ 12.86 
4429.6" 
+ 116.56 
39.1 
+ 25.16 
9.7 
+ 0.67 
1.0 
+ 0.58 
13.28° 
+ 0.350 
16.3 
+ 0.88 
4450.6 
+ 94.20 
Full-fed 458.0* 43.5* 3946.9* 86.9* 9.0* 1.3* 15.35* 15.3* 4211.2* 
controls + 48.34 + 22.35 + 566.04 + 44.68 + 2.08 + 0.67 + 1.431 + 1.20 + 515.90 
(n = 3) 
^Mean and S.E.; means within column with different superscript are different at P<.05 
level of significance. 
Figure 8. Uterine blood flow (UBF) during prolonged inanition 
in the pig; Mean and S.E. 
A Full-fed controls (n = 4) 
• Inanition days 50 to 90 (n = 4) 
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Table 5. Relationship of uterine blood flow (UBF) to litter size and total fetal weight at 
day 90 after mating 
Experi­
mental Day 50 to 90 mean UBF per live fetus UBF per g live fetus 
group UBF, L/min/horn at day 90, ml/min/fetus at day 90, ml/min/g 
Inanition days 1.46^  361.5^  0.78^  
50 to 90 + 0.174 + 13.90 + 0.044 
(n = 4) 
Full-fed 1.34* 338.3* 0.73* 
controls +0.178 +22.90 +0.019 
(n = 4) 
^Mean and S.E.; means within column with different superscript are different at P<.05 
level of significance. 
Table 6. Body weight (BW), estimated total plasma volume (PV), and estimated total blood 
volume (BV) of dams after mating^  
Experi­
mental 
group 
Dam body weight. kg 2 Estimated dam PV , L 1 Estimated dam BV , L 
Day Day Day 
50 70 90 50 70 90 50 70 90 
Inanition 160.2* 140.9* 125 .5* 6.54* 6.14* 5.82* 10.04* 9.51* 9.10* 
days 50 + 2.66 + 2.32 + 3 .03 + 0.059 + 0.047 + 0.063 + 0.072 + 0.062 + 0.082 
to 90 
(n = 3) 
Full-fed 163.3* 177.8^  191 .0^  6.61* 6.91^  7.19^  10.12* 10.51^  10.87^  
controls + 6.47 + 5.31 + 4 .02 + 0.136 + 0.111 + 0.085 + 0.174 + 0.142 + 0.111 
(n = 3) 
^Mean and S.E.; means within column with different superscript are different at P<.05 
level of significance. 
P^V,L = 3.18 + .021 (BW, kg). 
B^V,L = 5.71 + .027 (BW, kg). 
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gestation (6.14 vs 6.91 L) and this difference had increased (P<.01) by 
day 90 (5.82 vs 7.19 L) in I dams as compared to C dams. Blood volume, 
as expected, followed a trend similar to plasma volume (Table 6), and from 
days 50 to 90 after mating increased (P<.05) by 750 ml in C gilts and de­
creased (P<.05) 940 ml in I gilts. The relationships of uterine blood 
flow, litter size, and fetal weight with plasma volume during late preg­
nancy in all 6 gilts are presented in Figure 9. The mean uterine blood 
flow to plasma volume ratio over the three time measures was signifi­
cantly higher (P<.003) in inanition than in control gilts. The trend in 
I gilts was toward higher values with time while in controls the trend 
was for decreased values (P<.0001). Uterine blood flow per live fetus 
per L plasma volume was similar (P>.05) at day 50 and 70 in I and C dams 
but, was significantly increased (63 ± 2.8 vs 47 ± 3.4 ml/min/live fetus; 
P<.05) in gilts subjected to inanition by day 90. Day 70 and day 90 
uterine blood flow per g fetal tissue per L plasma volume was increased 
(0.127 + 0.0078 and 0.134 ± 0.0084 vs 0.103 ± 0.0038 and .100 ± 0.0035 
ml/min/g live fetus/L plasma volume; P<.05) in I gilts as compared to C 
gilts on days 70 and 90, respectively. The relationships of uterine blood 
flow, litter size, and fetal weight with blood volume are presented (Table 
7); results for all parameters parallel the conclusions for the same re­
lationships with plasma volume (Figure 9). The mean uterine blood flow 
to blood volume ratio over the three time measures was significantly 
higher (P<.003) in I than in C animals and the trend in inanition gilts 
was toward higher values over time while in controls it decreased (P<.0001). 
Figure 9. Relationships of uterine blood flow (UBF), day 90 live litter 
size (LS), and day 90 total fetal weight (FW) with total plasma 
volume (PV) in dams subjected to prolonged inanition after 
mating; Mean and S.E. 
A Full-fed controls (n = 4) 
# Inanition days 50 to 90 (n = 4) 
UTERINE BLOOD FLOW/ UTERINE BLOOD FLOW 
FETAL WEIGHT/PLASMA VOLUME. /LIVE FETUS/PLASMA VOLUME, 
ml per min per g fetus per L plasma ml per min per live fetus per L plasma 
UTERINE BLOOD FLOW/ PLASMA VOLUME, 
ml per min per uterine horn per L plasma 
C\ 
00 
Table 7. Relationship of uterine blood flow (UBF), day 90 live litter size (LS), and day 90 total 
fetal weight (FW) with total blood volume (BV) 
Experi­
UBF/BV, 
ml/min/horn/L 
UBF/LS/BV, 
ml/min/fetus/L 
UBF/FW/BV, 
ml/min/g/L 
mental Day Day Day 
group 50 70 90 50 70 90 50 70 90 
Inanition 
days 50 
to 90 
(n = 4) 
145* 154* 
+ 18.0 + 18.8 
160* 
+ 20.1 
36* 38* 
+1.5 +1.5 
40* 
± 1-7 
0.077* 
+ 0.0045 
0-082* 
+ 0.0047 
0.086* 
+ 0.0051 
Full-fed 
controls 
(n = 4) 
132* 126* 
+19.4 +18.1 
122* 
+ 17.2 
33* 32* 
+ 2.4 + 2.3 
31^  
+ 2.3 
0.072* 
+ 0.0028 
0.067^  
+ 0.0022 
0.065^  
+ 0.0023 
Mean and S.E.; means within column with different superscript are different at P<.05 level 
of significance. Although an individual t-test of UBF/BV failed to detect column differences, 
the average UBV/BV over the three time measures was significantly higher in inanition than in 
control animals as determined by analysis of variance (P<.003). The trend in inanition animals 
was toward higher values over time while in controls it decreased (P<.0001). 
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The ratio of uterine blood flow per live fetus per L blood volume was 
significantly increased (P<.05) in I gilts as compared with C gilts by day 
90. Day 70 and day 90 uterine blood flow per g fetal tissue per L blood 
volume also was increased (P<.05) in I as compared with C dams. 
Total mean uterine blood flow from days 50 to 90 after mating (Table 
8) was estimated from uterine blood flow per g live fetus presented in 
Table 5. The ratios of total uterine blood flow to plasma or blood volume 
over the three time measures were significantly higher (P<.002) in I than 
in C gilts. Again, the trend in I dams was toward higher values with time 
while the trend in C dams was toward lower values (P<.0001). 
A high and positive correlation was detected between uterine blood 
flow and day 90 litter size and fetal weight (Table 9). The correlation 
of uterine blood flow from days 50 to 90 after mating with day 90 litter 
size was r = 0.82 (P<.012), and the correlation between uterine blood flow 
and day 90 fetal weight was r = 0.86 (P<.007) regardless of changes in 
plasma or blood volume. 
Inanition on fetal brain and liver ornithine decarboxylase activity 
Ornithine decarboxylase (ODC) activity was determined in 6 day 90 
fetal brain and liver tissue samples from each I and C gilt (Figure 10). 
Fetal brain ODC activity in I gilts (110.3 ±9.25 picomoles CO^  released 
per 60 min per mg soluble protein) was greater (P<.05) than ODC activity 
in C gilts (79.1 ± 4.66 picomoles CO^  released per 60 min per mg soluble 
protein); however, fetal brain weights were similar (P>.05) in I and C 
animals (16.4 ± 0.83 vs 16.8 ± 1.16 g, respectively). ODC activity of 
Table 8. Relationship of total uterine blood flow (TUBF) with total plasma volume (PV) and total 
blood volume (BV)1 
Experi­
mental 
group 
Day 50 to 90 mean 
TUBF^ , L/min/uterus 50 
TUBF/PV, 
ml/min/uterus/L 
Day 
70 90 50 
TUBF/BV, 
ml/min/uterus/L 
Day 
70 90 
Inanition 
days 50 
to 90 
(n = 3) 
3.32 
+ 0.090 
508 
+ 17.3 
539 
+ 19.2 
572 
+ 20.9 
331 
+ 10.9 
350° 
+ 11.6 
367 
+ 12.7 
Full-fed 2.96* 457* 430* 413* 294* 282* 272* 
controls + 0.426 +75.1 +69.0 +63.7 +48.4 +44.9 +41.7 
(n = 3) 
Means within columns with different superscript are different at P<.05 level of significance. 
Although individual t-tests of TUBF/PV and TUBF/BV failed to detect column differences, the 
average TUBF/PV and TUBF/BV over the three time measures was significantly higher in inanition 
than in control animals as determined by analysis of variance (P<.002). The trend in inanition 
animals was toward higher values while in controls it decreased (P<.0001). 
2 
TUBF = (Day 90 live fetal weight, g) x (0.75 = mean UBF per g live fetus from table 5). 
Table 9. Spearman correlation coefficients for uterine blood flow (UBF), day 90 live litter 
size (LS), and day 90 total fetal weight (FW). 
UBF LS FW 
UBF 0.82 
P = .012 
0.86 
P = .007 
LS 0.82 
P = .012 
0.94 
P = .001 
FW 0.86 
P = .007 
0.94 
P = .001 
Figure 10. Day 90 fetal brain and liver ornithine decarboxylase (ODC) 
activity of dams subjected to prolonged inanition after mating 
FETAL BRAIN AND LIVER ODC ACTIVITY, 
pmoles COg released per 60 m in per mg soluble protein 
8 ê 
T 
8 O 8 8 è S 
-| 
DD 
a 
> 
z 
m 
Q 
I 
H 
< 
m 
7) 
• ; 
CO 
_L ± _L ± 
to 0) œ o to -u 0) 00 
FETAL BRAIN AND LIVER WEIGHTS, g 
O 
O 
—I 
O 
8 
z 
> 
z 
q 
o 
z 
o 
> 
0) 
m —1 
G) 
I 1 
4^  
75 
day 90 fetal liver tissue was decreased (P<.05) in I as compared with 
C gilts (85.0 ± 8.41 vs 128.1 ± 7.42 picomoles COg released per 60 min 
per mg soluble protein, respectively). Fetal liver weights also were re­
duced (P<.05) in I gilts (13.3 ± 0.61 g) as compared with C gilts (22.3 ± 
1.43 g). 
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DISCUSSION 
In the present investigation, a marked decline in body weight (30.9 
kg) occurred in all gilts subjected to inanition (I) for 40 days during 
late pregnancy. In contrast, the 15 full-diet control gilts (C) gained 
26.2 kg between days 50 and 90 of gestation. Body weight loss of the dam 
was accentuated after the removal of fetal or neonatal weights and placen­
tal weights at hysterectomy (day 90) or parturition in these experiments 
and others (Anderson, 1975; Anderson and Dunseth, 1978; Kertiles et al., 
1979; Hard and Anderson, 1979). Thus, pregnant gilts must mobilize their 
own tissue energy and protein to maintain growth and development of their 
fetuses. 
Embryonic and fetal losses of 40% normally occur in healthy gilts and 
sows during a gestation of about 115 days. Gilts, in the present investi­
gation, lost more than 26% of their initial body weight during the 40 day 
inanition period, and yet, day 90 fetal weights or birth weights, litter 
weights, and litter size did not differ from gilts full-fed throughout 
pregnancy. Fetal survival rates (no. corpora lutea/live fetuses) also re­
mained similar in inanition (60%) and control (60%) gilts. These survival 
rates, both in animals on a full diet or on inanition, were comparable to 
rates previously reported (Casida, 1953; Hanly, 1961; Perry and Rowlands, 
1962). Previous investigations in our laboratory utilizing nulliparous 
Yorkshire gilts starved during early, middle, or late pregnancy have indi­
cated that prolonged inanition has little, if any, effect on embryonic or 
fetal growth and survival at any stage of pregnancy (Anderson, 1975; 
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Anderson et al., 1979; Kertiles et al., 1979; Hard and Anderson, 1979). 
Maternal ovarian weights, corpora lutea number, and uterine weights, in 
the present investigation, did not differ in I and C gilts. During early 
pregnancy, ovarian weights were reduced in pregnant pigs subjected to 
inanition due to a marked reduction in ovarian follicular development 
(Anderson, 1975). In addition, uterine weights remained similar at each 
comparable stage of early pregnancy in animals on a full-diet as compared 
with those on inanition. It is evident that inadequate maternal nutrition 
during pregnancy is not a major limitation to fetal survival and develop­
ment in this species. 
Neonatal growth of piglets born to starved dams is reduced (Hard and 
Anderson, 1979), and this reduction can be attributed to both reduced 
birth weight of the piglets and a reduction in maternal milk production 
(Pond et al., 1969; Pond, 1973). Gilts born to dams starved during middle 
or late pregnancy have reduced growth rates to 80 days of age (Hard and 
Anderson, 1981). However, these animals have an accelerated growth rate 
during late prepuberal development and recover to exhibit an earlier onset 
of puberal estrus, normal estrus behavior, and normal reproductive per­
formance during their first two gestations. These data suggest that in­
adequate maternal nutrition during pregnancy in this species also has no 
permanent detrimental effects on subsequent reproductive performance of 
female offspring. 
The mechanisms that allow normal development of the conceptuses 
during severe nutritional stress of total inanition in late pregnancy are 
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unclear. However, data from these experiments suggest a role for uterine 
blood flow and for the various plasma constituents in the maintenance of 
this normal development. Uterine blood flow and concentrations of the 
various plasma parameters do not change regardless of marked reductions in 
dietary intake, body weight, and plasma volume. Plasma protein, hemo­
globin, packed cell volume, and erythrocyte concentrations were similar in 
inanition and control gilts throughout the period of inanition and were 
comparable to previously reported values (Miller et al., 1961; Ramirez et 
al., 1963; Pond et al., 1968; Anderson et al., 1969; Anderson et al., 1970; 
Setiabudi et al., 1976; Jezkova and Padalikova, 1977; DeRoth and Downie, 
1978; Kertiles et al., 1979). Hematocrit levels were relatively constant 
from days 50 to 90 and were equivalent to values reported by Anderson et 
al. (1970) but conflicted with the work of Jezkova et al. (1977) who re­
ported wide variations in hematocrit values during mid- to late-pregnancy. 
The significant decline in plasma protein, hemoglobin, packed cell volume 
and erythrocyte population during realimentation of inanition gilts was 
strikingly similar to the decline in these parameters observed in newborn 
pigs at 3 days of age (Miller et al., 1961; Ramirez et al., 1963). Mc-
Cance and Widdowson (1959) have demonstrated a 30% increase in plasma 
volume of neonatal pigs between birth and 5 days of age. This increase 
may be entirely responsible for the reduced concentrations of plasma pro­
tein, hemoglobin, hematocrit and erythrocyte population in young pigs, as 
well as, in the pregnant I dams during realimentation. Plasma volume of 
I gilts increased abruptly by 24% during realimentation from days 90 to 
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110 of pregnancy. This hemo-dilution effect also was observed in periph­
eral serum progesterone levels which declined transiently during reali-
mentation of gilts starved for 40 days during the middle or last third of 
pregnancy (Hard and Anderson, 1979). 
Many of the circulating leukocytes in this species have a long (100-
200 days) life span (Swenson, 1977), and thus, the increased leukocyte 
concentrations observed in inanition gilts during the last half of inani­
tion may have resulted from a hemo-concentration effect produced by a 
gradual plasma volume loss during inanition. Inanition and control gilts 
had similar leukocyte concentrations from day 50 to day 70 after mating, 
and the range of leukocyte concentrations (1.6 to 2.1 x 10** cells/mm^ ) 
were comparable to leukocyte populations of normal healthy pregnant pigs 
(Upcott et al., 1973; Swenson, 1977). Leukocyte concentration was in­
creased in inanition gilts by day 90 after mating, however, realimentation 
and the resultant increase in plasma volume produced an abrupt decline in 
leukocyte concentration in I gilts to levels equal to controls. The de­
cline in lymphocyte population during the last third of inanition may 
have been a response to the stress of increasing length of starvation. 
Body weight was significantly correlated with plasma volume and blood 
volume in inanition and control gilts throughout the period of inanition 
and realimentation. From days 50 to 110 after mating, C gilts gained 
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approximately 30 kg body weight, 1.5 L plasma volume and 2.0 L blood 
volume. Body weight, plasma volume and blood volume of I gilts declined 
during inanition and by day 110 of pregnancy did not differ from initial 
(day 50) levels. Although I gilts did not undergo normal expansion of 
body mass and plasma and blood volumes, reproductive performance was simi­
lar in I and C gilts. Thus, the normal increase of these parameters dur­
ing late pregnancy is not essential to fetal survival and development in 
this species. The total increment in plasma volume and blood volume in 
C gilts and their patterns of increase from days 50 to 110 of pregnancy 
were similar to previous investigations (Anderson et al., 1969; Anderson 
et al., 1970; Setiabudi et al., 1976; Jezkova et al., 1977). The greatest 
increase in maternal plasma volume occurred during the period in which 
the fetuses were growing at the fastest rate (Elsley et al., 1968). The 
steady rise in plasma volume from days 50 to 110 of pregnancy in C gilts 
is analogous to the pattern reported for the sheep (Barcroft et al., 1939) 
and cattle (Reynolds, 1953a; Marcilese et al., 1966) at comparable stages 
of gestation. However, disruption of this pattern of increased plasma and 
blood volume expansion in late pregnancy in I gilts had no observable 
effect on the conceptuses. In contrast to humans (Retief and Brink, 1967) 
and rats (Rosso and Streeter, 1979), gilts exhibit no relationship between 
plasma or blood volume expansion and survival and growth of the fetuses. 
A significant correlation between fetal survival and growth, and 
uterine blood flow was demonstrated in these experiments. Uterine blood 
flow increased 2- to 4-fold between day 30 (Ford and Christenson, 1979) 
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and day 50 of pregnancy, did not differ between I and C gilts, and re­
mained constant across time from days 50 to 90 after mating. In contrast, 
plasma and blood volume decreased in pregnant gilts from mating to day 50 
(Anderson et al., 1970; Jezkova et al., 1977), and thereafter, increased 
to terra. It is unclear if the concomitant increase in uterine blood flow 
and decrease in plasma volume during early pregnancy or the constant 
uterine blood flow and increase in plasma volume after day 50 of pregnancy 
are related to efficiency of fetal survival and growth in this species. 
However, it does suggest that rate of uterine blood flow during late ges­
tation is established prior to day 50 in this species and that this level 
of flow is adequate for continued growth and development of the concep-
tuses until day 90 regardless of marked shifts in dietary intake, body 
weight and plasma volume. In contrast, uterine blood flow in sheep 
increases from about 125 ml per min to 1,500 ml per min from days 40 to 130 
of gestation (Makowski et al., 1968; Rosenfeld et al., 1974; Christenson 
and Prior, 1978) with the greatest increase occurring during the last 
third of pregnancy. Uterine blood flow in sheep, however, is reduced 
25% during late gestation after only a 5 day fast (Morriss et al., 1980). 
Also, rats fed 50% of control dietary intake during pregnancy have 
significant decreases in uterine and placental blood flow (Rosso and Kava, 
1980). Uterine blood flow to the gravid horn in beef heifers increases 
from approximately 200 ml per min at day 38 to a maximum of about 4,000 
ml per min at day 212 (Ferrell and Ford, 1980). The marked increases 
in uterine blood flow from days 92 to 139 of gestation 
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in beef cattle (Ferrell and Ford, 1980) and during the last 2 months of 
pregnancy in sheep (Christenson and Prior, 1978) parallel the rapid fetal 
growth which occurs during this period in these two species (Ferrell et 
al., 1976; Winters et al., 1942; Rosenfeld et al., 1974). The relation­
ship of uterine blood flow to rapid fetal growth differs in the pig. Por­
cine fetal weight increases markedly, by greater than 13-fold (Warwick, 
1928), from days 50 to 90 of pregnancy at a time when uterine blood flow 
remains constant. The establishment of an optimum level of blood flow 
prior to day 50 and before the period of rapid fetal growth may play an 
important role in determining efficiency of reproduction in this species. 
Uterine blood flow from days 50 to 90 of pregnancy in I and C gilts 
was highly correlated to day 90 litter size and fetal weight regardless 
of changes in plasma or blood volume. Wootton et al. (1977) observed a 
high correlation between porcine placental blood flow and placental 
weight, as well as, a high correlation between placental weight and fe­
tal weight during various stages of pregnancy. In the present investi­
gation, uterine blood flow per g day 90 live fetus was 0.75 ml/min/g in 
I and C gilts. In one 103-day pregnant sow, Wootton et al. (1977) reported 
a value of 0.59 ml/min/g live fetus of placental blood flow. Uterine blood 
flow is sustained at a constant level adequate to maintain survival and 
development of the fetuses in spite of severe body weight, plasma volume, 
and blood volume losses of the dam during late pregnancy. The actual roles 
of the interactions between porcine uterine blood flow, litter size, and 
litter weight are obscure and additional research is needed in this area, 
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particularly during the establishment of rate of uterine blood flow prior 
to day 50 of pregnancy. 
Prolonged inanition of gilts during late pregnancy had a marked effect 
upon maternal liver ornithine decarboxylase (ODC) activity. Maternal 
liver ODC activity decreased to very low levels during inanition and then 
increased 10-fold by the second day of realimentation. This investigator 
believes that this is the first investigation to determine porcine liver 
ODC activity. ODC activity has been reported in isolated porcine granulosa 
cells (Osterman and Hammond, 1977), and was approximately 2-fold higher 
than maternal liver ODC activity. Maternal liver ODC activity during 
fasting and realimentation in the rat (Hayashi et al., 1972; McAnulty and 
Williams, 1975; McAnulty and Williams, 1977b; Rozovski et al., 1978) 
exhibited patterns of change which were similar to that reported here, 
however, the increment of liver ODC activity was lower in the pig. 
The increases in ODC activity and polyamine levels prior to increases 
in protein and RNA concentrations (Russell and Snyder, 1968) has led to 
speculation as to the roles of polyamines. Hernandez et al. (1973) pro­
posed that increased levels of polyamines stabilize polysomes to increase 
efficiency of protein synthesis. In contrast, Mamont et al. (1976) sugges­
ted that spermidine is an important controlling factor in DNA synthesis 
and cell division. ODC itself or its polyamine products may be involved 
in the processes of protein, DNA, and RNA synthesis. ODC also appears to 
be an intermediary in the eliciting of a hormone induced biological response 
by a target tissue. 
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In the undernourished rat, changes are seen in ODC activity of the 
fetuses and placentae prior to any other observable response (McAnulty and 
Williams, 1977a). Fetal cell number has been maintained in rats (Williams 
and McAnulty, 1976), and in porcine fetal brain (Hard, 1978) in spite of 
severe maternal undernutrition. In the fetal rat, cell number is main­
tained and is coincident with an increase in ODC activity (Williams and 
McAnulty, 1976). A similar relationship in porcine fetal brain was ob­
served in the present investigation. Porcine fetal brain cell number was 
maintained (Hard, 1978) and a coincident increase in ODC activity was 
observed. Total fetal liver weight, protein, RNA and DNA were reduced in 
fetuses from gilts subjected to inanition during late pregnancy (Hard, 1978). 
In the present investigation, ODC activity of day 90 fetal liver tissue was 
decreased in I as compared with C gilts. Also, fetal liver weights were 
reduced in the gilts subjected to inanition during late pregnancy. These 
data suggest that a mechanism is present which preferentially maintains 
development of porcine fetal brain rather than fetal liver. Ornithine 
decarboxylase may play a role in regulating this mechanism. 
These results clearly indicate that pregnant gilts can mobilize their 
own tissue protein and energy to maintain the survival, growth, and de­
velopment of their fetuses during severe nutrient deprivation. Blood 
hemoglobin, packed cell volume, plasma protein, erythrocyte, and leukocyte 
populations during inanition are maintained at levels similar to controls 
with the exception of shifts in concentration caused by abrupt plasma 
volume changes. Uterine blood flow during late pregnancy remains constant 
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in spite of a 13-fold increase in fetal weight, and regardless of marked 
changes in plasma or blood volume in inanition and control gilts. Uterine 
blood flow is highly correlated to day 90 litter size and total fetal 
weight in inanition or control dams during late pregnancy. Results suggest 
that changes in maternal and fetal ornithine decarboxylase activity play 
a role in the compensatory growth responses observed during prolonged in­
anition in this species. 
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SUMMARY 
Yorkshire gilts were subjected to prolonged inanition, from days 50 
to 90 of pregnancy, to determine possible interactions of maternal body 
weight, blood volume, and uterine blood flow with porcine fetal develop­
ment and ornithine decarboxylase activity. Although a marked decline in 
body weight occurred in all gilts subjected to inanition of 40 days during 
late pregnancy, fetal survival rates, and litter weight and size in these 
starved gilts were similar to full-fed controls. Removal of the weight 
of the conceptuses at parturition or day 90 accentuated body weight loss 
of inanition dams. These results indicate that gilts subjected to 40 
days inanition during late pregnancy mobilize their own tissue protein 
and energy to maintain survival, growth, and development of their fetuses. 
During the period of inanition (days 50 to 90 of pregnancy) blood hemoglo­
bin, packed cell volume, plasma protein, and erythrocyte concentrations 
were maintained at levels similar to controls. During realimentation of 
these previously starved gilt% plasma volume increased abruptly and hemo-
dilution caused a significant decline in the concentration of these param­
eters. Leukocyte population increased with increasing length of inani­
tion and quickly returned to levels similar to controls upon realimen­
tation of the previously starved gilts. Uterine blood flow during late 
pregnancy was similar in inanition and control gilts and remained con­
stant in spite of a 13-fold increase in fetal weight, and regardless of 
marked fluctuations in plasma and blood volume. Uterine blood flow was 
significantly correlated with day 90 litter size and fetal weight in both 
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inanition and full-fed dams during late pregnancy. Maternal liver orni­
thine decarboxylase activity decreased to low levels during inanition and 
then increased 10-fold by the second day of realimentation. Day 90 fetal 
brain ornithine decarboxylase activity was increased in inanition gilts 
as compared with control gilts, and fetal brain weights were similar. 
Ornithine decarboxylase activity of day 90 fetal liver was decreased in 
inanition gilts as compared with control gilts and fetal liver weights 
were reduced in inanition gilts. These changes in ornithine decarboxylase 
activity suggest a role for ornithine decarboxylase in the compensatory 
responses of the dam and fetus during the period of prolonged inanition. 
Severe maternal nutrient deprivation during late pregnancy in the pig re­
sulted in a marked decline in maternal body weight, plasma volume, blood 
volume, and liver ornithine decarboxylase activity; however, maternal 
uterine blood flow and fetal brain ornithine decarboxylase activity were 
maintained at levels which allowed normal fetal survival, growth, and 
development. 
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APPENDIX 
Table Al. Experiment I; Body weight of dams after mating. kg^  
Experi-
mon t" o 1 Gilt Day lllcllUctl. 
group no. 50 60 70 80 89 91 100 
Inanition 1862 172.3 156.5 147.4 136.1 130.6 130.2 141.5 
days 50 1890 147.4 133.3 124.7 118.4 113.4 113.8 127.0 
to 90 1931 158.7 146.9 136.1 126.5 118.4 121.1 134.2 
1840 170.9 156.9 149.7 140.6 135.1 136.5 145.6 
1942 158.7 147.8 139.7 132.0 122.4 124.7 146.0 
1923 169.6 158.7 152.8 143.8 134.2 133.8 141.0 
X 162.9* 150.0* 141.7* 132.9* 125.7* 126.7* 139.2^  
S.D. 9.72 9.58 9.52 9.38 8.95 8.49 7.34 
S.E. 3.97 3.91 3.60 3.83 3.65 3.47 3.00 
C.V. 6.0 6.4 6.7 7.1 7.1 6.7 5.3 
Full-fed 1865 148.8 146.9 152.3 151.9 153.7 152.2 153.3 
controls 1880 126.5 137.9 150.6 147.8 150.6 149.7 156.4 
1904 149.2 161.0 167.8 175.1 181.9 180.5 185.5 
1891 165.5 167.8 178.2 181.0 183.2 183.7 186.8 
1903 179.1 183.7 191.4 192.7 203.2 202.3 206.8 
1930 166.9 172.3 185.0 186.4 192.7 193.2 199.1 
X 156.0* 161.6* 170.9^  172.5^  177.6^  176.9^  181.3^  
S.D. 18.50 15.38 16.97 18.52 21.13 21.54 22.00 
S.E. 7.55 5.81 6.93 7.56 8.63 8.79 8.98 
C.V. 11.9 9.5 9.9 10.7 11.9 12,2 12.1 
^Means within column with different superscript are different at P<.05 level of significance. 
Table A2. Experiment I: Peripheral hemoglobin concentration in dams after mating, g/dl^  
Experi-
mental 
group 
Gilt 
no. 50 55 60 65 70 75 80 85 89 91 95 100 
Inanition 1862 14.9 9.3 13.3 14.5 16.1 13.8 13.8 14.2 13.1 12.3 10.9 10.1 
days 50 1890 12.2 14-6 14.9 14.4 15.7 14.4 14.2 13.4 14.2 11.1 11.0 5.7 
to 90 1931 14.2 15.1 16.0 14.6 15.7 15.5 14.9 13.3 14.0 11.7 10.7 10.4 
1840 14.8 15.5 15.0 16.0 16.5 14.6 16.3 14.7 15.5 15.0 11.5 13.9 
1942 14.4 12.7 13.7 14.9 14.2 14.6 15.0 12.0 14.1 14.7 12.0 10.7 
1923 16.1 12.9 14.8 14.6 15.1 15.8 14.1 14.5 11.6 13.4 12.0 11.2 
X 14.4* 13.4* 14.6* 14.8* 15.6* 14.8* 14.7* 13.7* 13.8* 13.0* 11.4* 10.3' 
S.D. 1.28 2.29 0.97 0.60 0.81 0.74 0.91 1.00 1.30 1.60 0.57 2.65 
S.E. 0.52 0.94 0.40 0.24 0.33 0.30 0.37 0.41 0.53 0.65 0.23 1.08 
C.V. 8.9 17.1 6.6 4.1 5.2 5.0 6.2 7.3 9.4 12.3 5.0 25.7 
Full-fed 1865 16.0 15.0 14.4 14.4 14.3 12.4 14.9 13.3 15.1 15.4 14.4 14.6 
controls 1880 14.6 12.0 12.6 13.4 11.7 13.3 11.9 13.7 14.2 13.5 11.8 11.8 
1904 16.2 12.4 15.2 13.8 14.9 11.9 13.0 13.4 16.5 15.4 10.8 14.3 
1891 15.8 15.8 9.9 15.1 15.7 13.1 15.1 11.4 7.2 14.1 , 11.8 11.9 
1903 15.5 14.8 14.5 14.3 15.8 15.1 13.9 14.4 13.3 12.9 14.3 11.8 
1930 15.3 12.9 13.4 14.4 15.1 15.4 14.4 15.0 13.5 13.7 14.2 13.3 
X 15.6* 13.8 13.3* 14.2* 14.6* 13.5* 13.9* 13.5* 13.3* 14.2* 12.9* 13.0' 
S.D. 0.58 1.58 1.91 0.58 1.52 1.42 1.22 1.23 3.21 1.03 1.60 1.30 
S.E. 0.23 0.64 0.78 0.24 0.62 0.58 0.50 0.50 1.31 0.42 0.65 0.53 
C.V. 3.7 11.4 14.4 4.1 10.4 10.5 8.8 9.1 24.1 7.3 12.4 10.0 
^Means within column with different superscript are different at P<.05 level of significance. 
Table A3. Experiment I: Peripheral packed cell volume in dams after mating, 
Experi-
mental Gilt  ^
group no. 50 55 60 65 70 75 80 85 89 91 95 100 
Inanition 1862 43 28 39 39 46 38 38 41 39 36 31 28 
days 50 1890 36 41 43 42 45 40 41 40 41 33 30 17 
to 90 1931 42 44 44 40 45 44 43 39 41 33 28 30 
1840 45 45 44 47 44 41 45 43 45 42 33 39 
1942 42 38 42 44 39 43 43 35 42 40 34 31 
1923 45 36 43 40 15 44 42 44 36 40 35 34 
X 42® 39® 43® 42® 39® 42® 42® 40® 41® 37® 32® 30® 
S.D. 3.3 6.3 1.9 3.0 12.0 2,4 2.4 3.2 3.0 3.9 2.6 7.4 
S.E. 1.4 2.6 0.8 1.2 4.9 1.0 1.0 1.3 1.2 1.6 1.1 3.0 
C.V. 7.9 16.2 4.4 7.1 30.8 5.7 5.7 8.0 7.3 10.5 8.1 24.7 
Full-fed 1865 45 44 41 33 43 35 45 40 44 41 41 41 
controls 1880 44 35 36 38 35 40 34 36 40 39 37 35 
1904 49 37 45 38 45 33 38 36 45 45 31 43 
1891 45 43 30 44 46 36 45 34 22 42 34 37 
1903 44 41 40 41 45 42 39 41 39 40 43 36 
1930 45 36 39 41 42 40 39 44 40 40 41 44 
X 45® 39® 39® 39® 43® 38^  40® 39® 38® 41^  38^  39b 
S.D. 1.9 3.8 5.1 3.8 4.0 3.5 4.3 3.8 8.4 2.1 4.7 3.8 
S.E. 0.8 1.6 2.1 1.5 1.6 1.4 1.8 1.5 3.4 0.9 1.9 1.6 
C.V. 4.2 9.7 13.1 9.7 9.3 9.2 10.8 9.7 22.1 5.1 12.4 9.7 
^Means within column with different superscript are different at P<.05 level of significance. 
Table A4. Experiment I; Peripheral erythrocyte concentration in dams after mating, million 
cells/mm3 ^  
Experi-
mental 
group 50 55 60 65 70 75 
Ufxy 
80 85 89 91 95 100 
Inanition 1862 7.05 5.05 6.88 6.76 7.67 6.83 6.64 7.30 6.61 6.02 5.47 5.04 
days SO 1890 6.21 7.43 7.73 7.22 7.72 6.61 6.89 6.44 6.61 5.13 5.37 2.78 
to 90 1931 7.44 9.26 7.79 7.40 7.05 6.77 7.31 6.50 6.42 5.40 4-89 5.14 
1840 7.32 7.70 7.67 7.42 7.85 7.15 7.75 6.83 7.96 7.40 5.88 6.78 
1942 7.10 6.19 7.11 6.91 6.74 7.19 6.68 6.08 7.19 6.80 6.03 5.31 
1923 7.58 5.60 6.73 6.76 2.39 6.94 6.95 7.24 5.77 6.59 6.06 5.58 
X 7.12® 6.87* 7.32* 7.08* 6.57* 6.92* 7.04* 6.73* 6.76* 6.22* 5.62* 5.10* 
S.D. 0.491 1.556 0.468 0.307 2.093 0.225 0.424 0.481 0.744 0.868 0.458 1.303 
S.E. 0.199 0.635 0.191 0.125 0.855 0.092 0.173 0.196 0.304 0.354 0.187 0.532 
C.V. 6.9 22.6 6.4 4.3 31.9 3.3 6.0 7.1 11.0 14.0 8.1 25.5 
Full-fed 1865 8.10 8.29 7.10 7.14 7.56 6.12 7.84 6.59 7.63 7.46 6.83 7.38 
controls 1880 7.63 6.20 6.71 6.60 6.01 6.57 6.00 6.22 7.16 6.83 5.83 6.01 
1904 7.99 6.40 6.88 6.52 7.48 5.53 6.77 6.12 7.93 7.92 5.63 7.23 
1891 7.27 7.55 5.19 7.35 7.73 6.33 7.80 5.87 3.63 6.98 6.01 6.09 
1903 7.90 6.32 7.71 6.96 8.24 7.84 7.02 7.71 6.87 7.12 7.00 6.27 
1930 6.81 7.19 7.02 7.04 7.12 6.91 7.16 7.40 6.65 7.03 7.08 6.60 
X 7.62* 6.99* 6.77* 6.94* 7.36* 6.55* 7.10* 6.65* 6.65* 7.22^  6:40^  6.60^  
S.D. 0.495 0.832 0.844 0.319 0.754 0.783 0.688 0.743 1.551 0.401 0.645 0.587 
S.E. 0.202 0.340 0.345 0.130 0.308 0.320 0.281 0.304 0.633 0.164 0.263 0.240 
C.V. 6.5 11.9 12.5 4.6 10.2 12.0 9.7 11.2 23.3 5.6 10.1 8.9 
^Means within column with different superscript are different at P<.05 level of significance. 
Table A5. Experiment I: Peripheral plasma protein concentration in dams after mating, g/dl^  
Experi­
mental Gilt 
group no. 50 55 60 65 70 75 80 85 89 91 95 100 
Inanition 1862 7.2 6.7 7.6 7.7 8.0 7.8 7.5 7.7 7.4 7.4 7.1 7.0 
days 50 1890 6.3 7.4 7.4 7.2 7.4 8.2 7.8 7.6 8.0 6.7 7.4 7.0 
to 90 1931 7.7 8.2 8.3 7.9 8.2 8.5 8.2 7.9 8.4. 7.5 7.5 7.6 
1840 7.8 8.3 7.6 7.5 7.8 7.7 8.0 7.4 7.7 7.6 7.6 7.5 
1942 7.6 7.3 7.5 7.5 7.3 7.5 7.7 7.4 7.3 7.5 7.4 7.3 
1923 7.3 7.4 7.8 7.4 2.5 7.8 7.3 7.3 6.3 7.1 7.0 6.1 
X 7.3* 7.6* 7.7* 7.5* 6.9* 7.9* 7.8* 7.6* 7.5* 7.3* 7.3* 7.1* 
S.D. 0.55 0.60 0.32 0.24 2.17 0.37 0.33 0.23 0.72 0.34 0.23 0.54 
S.E. 0.22 0.25 0.13 0.10 0.88 0.15 0.13 0.09 0.29 0.14 0.10 0.22 
C.V. 7.5 7.9 4.2 3.2 31.4 4.7 4.2 3.0 9.6 4.7 3.2 7.6 
Full-fed 1865 7.4 8.5 8.0 7.6 8.2 8.3 9.0 8.2 8.5 8.7 8.4 8.1 
controls 1880 8.5 7.8 8.1 8.1 7.3 8.5 8.3 8.1 8.7 8.5 8.1 8.4 
1904 7.3 6.9 7.5 6.6 7.1 7.0 7.3 7.0 7.3 7.7 6.6 7.7 
1891 7.5 7.5 5.8 7.7 7.8 7.4 7.4 7.5 5.3 8.0 7.4 7.5 
1903 8.0 7.1 7.5 8.1 8.3 8,3 7.7 7.7 7.8 8.2 7.2 8.5 
1930 7.8 7.1 7.6 8.0 7.6 8.1 7.5 8.3 8.0 8.2 8.5 8.5 
X 7.8* 7.5* 7.4* 7.7* 7.7* 7.9* 7.9* 7.8* 7.6* 8.2^  7.7* 8.1% 
S.D. 0.45 0.59 0.83 0.57 0.48 0.60 0.66 0.50 1.23 0.35 0.75 0.43 
S.E. 0.18 0.24 0.34 0.23 0.20 0.24 0.27 0.20 0.50 0.14 0.31 0.18 
C.V. 5.8 7.9 11.2 7.4 6.2 7.6 8.4 6.4 16.2 4.3 9.7 5.3 
^Means within column with different superscript are different at P<.05 level of significance. 
3 1 
Table A6. Experiment I: Peripheral leukocyte concentration in dams after mating, 10,000 cells/mm 
Experi-
mental Gilt  ^
group no. 50 55 60 65 70 75 80 85 89 91 95 100 
Inanition 1862 1.29 1.16 1.94 1.77 1.36 2.02 1.96 1.80 2.33 1.54 1.12 1.36 
days 50 1890 1.52 1.53 1.88 1.79 1.93 2.67 2.84 3.04 2.52 1.96 1.69 0.82 
to 90 1931 1.86 1.13 1.93 2.12 1.99 2.23 1.92 2.44 1.97 1.76 1.67 1.50 
1840 1.76 1.99 2.17 2.14 3.09 2.66 2.58 2.72 2.33 2.44 1.72 2.20 
1942 1.94 2.26 2.67 2.43 2.63 2.70 2.09 2.22 2.28 2.81 1.80 1.64 
1923 1.71 2.44 2.25 2.20 0.47 2.32 2.58 2.17 2.20 2.31 1.85 2.23 
X 1.68* 1.75* 2.14* 2.08* 1.91* 2.43* 2.32* 2.39* 2.27* 2.14* 1.64* 1.63 
S.D. .239 .561 .299 .254 .927 .284 .387 .438 .181 .470 .265 .535 
S.E. .097 .229 .122 .104 .378 .116 .158 .179 .074 .192 .108 .218 
C.V. 14.2 32.1 14.0 12.2 48.5 11.7 16.7 18.3 8.0 22.0 16.2 32.8 
Full-fed 1865 1.96 1.23 1.06 1.72 1.57 1.68 1.61 1.92 1.72 2.09 2.04 1.41 
controls 1880 1.61 1.80 2.11 2.68 1.78 2.26 2.10 2.02 2.13 2.12 1.78 1.82 
1904 1.90 2.16 2.08 1.92 1.82 1.91 2.08 2.06 1.84 2.41 1.95 2.27 
1891 1.54 1.52 1.34 2.05 1.72 1.69 1.73 1.16 .79 1.78 1.96 1.26 
1903 1.91 1.92 2.07 2.22 2.09 2.26 1.97 1.94 1.75 2.28 2.30 2.17 
1930 1.39 1.39 1.78 1.48 1.76 1.42 1.60 1.62 1.41 1.72 1.48 2.35 
X 1.72* 1.67* 1.74* 2.01* 1.79* 1.87* 1.85^ 1.79b 1.61% 2.07* 1.92* 1.88' 
S.D. .236 .350 .444 .417 .170 .340 .230 .344 .462 .272 .274 .462 
S.E. .097 .143 .181 .170 .070 .139 .094 .140 .189 .111 .112 .189 
C.V. 13.7 21.0 25.5 20.7 9.5 18.2 12.4 19.2 28.7 13.1 14.3 24.6 
M^eans within column with different superscript are different at P<.05 levels of significance. 
Table A7. Experiment I: Peripheral leukocyte differential in dams after mating, 
Experi­
mental 
group 
Gilt 
no. 
Granulocytes 
Day 50 
Neutro­
phils 
Eosino­
phils 
Agranulocytes 
Lympho- Mono­
cytes cytes 
Granulocytes 
Day 55 
Neutro­
phils 
Eosino­
phils 
Agranulocytes 
Lympho- Mono­
cytes cytes 
Inanition 1862 51 3 44 2 36 4 53 7 
days 50 1890 17 3 78 2 32 3 59 6 
to 90 1931 19 1 77 3 7 4 83 6 
1840 50 4 51 1 35 2 63 0 
1942 19 2 69 4 32 1 67 0 
1923 24 4 72 0 35 2 63 0 
X 
S.D. 
S.E. 
C.V. 
30.0° 
14.68 
5.99 
48.9 
2.8* 
1.17 
0.48 
41.8 
65.2* 
14.25 
5.82 
21.9 
2.0* 
1.41 
0.58 
70.5 
29.4* 
11.11 
4.54 
37.8 
2.7* 
1.21 
0.49 
44.8 
64.7* 
10.15 
4.14 
15.7 
3.2* 
3.49 
1.42 
109.1 
Full-fed 1865 28 0 72 0 53 2 45 0 
controls 1880 20 0 80 0 25 8 66 1 
1904 20 2 78 0 47 2 51 0 
1891 34 10 56 0 22 4 74 0 
1903 39 5 56 0 31 3 66 0 
1930 45 6 49 1 36 5 59 0 
X 30.8* 3.8* 65.2* 0.2^  35.6* 4.0* 60.2* 0.2* 
S.D. 9.93 3.92 13.12 0.41 11.98 2.28 10.72 0.41 
S.E. 4.05 1.60 5.36 0.17 4.89 0.93 4.38 0.17 
C.V. 32.2 103.2 20.1 205.0 33.7 57.0 17.8 205.0 
''Means within column with different superscript are different at P<.05 level of significance. 
Table A7. Experiment I: (Continued) 
Experi­
mental 
group 
Gilt 
no. 
Granulocytes 
Day 60 
Neutro­
phils 
Eosino­
phils 
Agranulocytes 
Lympho- Mono­
cytes cytes 
Granulocytes 
Day 65 
Neutro­
phils 
Eosino­
phils 
Agranulocytes 
Lympho- Mono­
cytes cytes 
Inanition 1862 32 2 64 2 36 6 57 1 
days 50 1890 37 3 57 3 34 3 58 5 
to 90 1931 31 2 64 3 40 2 52 2 
1840 36 3 61 0 59 5 35 1 
1942 18 0 76 6 34 7 58 1 
1923 42 7 51 0 28 6 66 0 
X 
S.D. 
S.E. 
C.V. 
zi.r 
8.04 
3.28 
24.6 
2.8" 
2.32 
0.95 
82.9 
62.2" 
8.38 
3.42 
13.5 
2.3" 
2.25 
0.92 
97.8 
39.2° 
11.36 
4.64 
29.0 
4.83* 
1.94 
0.79 
40.2 
54.3" 
10.48 
4.28 
19.3 
1.67 
1.75 
0.71 
104.8 
Full-fed 1865 5 1 93 1 26 0 74 0 
controls 1880 37 3 58 2 52 2 46 0 
1904 42 1 57 0 33 0 67 0 
1891 31 3 66 0 28 5 67 0 
1903 24 6 70 0 39 5 56 0 
1930 37 3 60 0 47 1 52 0 
X 29.4^  2.8* 67.3* 0.5* 37.5* 2.2* 60.3* 0.0-
S.D. 13.43 1.83 13.53 0.84 10.27 2.32 10.67 0.0 
S.E. 5.48 0.75 5.52 0.34 4.19 0.95 4.36 0.0 
C.V. 45.7 65.4 20.1 168.0 27.4 105.5 17.7 
Table A7. Experiment I; (Continued) 
Day 70 Day 75 
Experi­ Granulocytes Agranulocytes Granulocytes Agranulocytes 
mental Gilt Neutro­ Eosino­ Lympho­ Mono­ Neutro­ Eosino­ Lympho­ Mono­
group no. phils phils cytes cytes phils phils cytes cytes 
Inanition 1862 13 7 75 5 38 1 61 0 
days 50 1890 12 4 79 5 43 1 56 0 
to 90 1931 27 0 70 1 30 1 69 0 
1840 48 1 51 0 33 2 65 0 
1942 36 6 58 0 36 4 61 0 
1923 22 4 74 0 28 5 67 0 
X 26.7* 3.7* 67.8* 1.8* 34.5* 2.3* 63.2* 0.0 
S.D. 13.91 2,73 10.94 2.48 5.50 1.75 4.75 0.0 
S.E. 5.68 1.12 4.47 1.01 2.25 0.71 1.94 0.0 
C.V. 52.1 73.8 16,1 137.8 15.9 76.1 7.5 
Full-fed 1865 35 1 63 1 31 2 67 0 
controls 1880 31 3 66 0 28 9 63 0 
1904 27 6 67 0 39 7 54 0 
1891 40 4 56 0 28 3- 69 0 
1903 30 2 68 0 27 6 67 0 
1930 32 1 67 0 26 4 70 0 
X 32.5* 2.8® 64,5* 0.2* 29.8* 5.2^  65.0* 0.0 
S.D. 5.65 1.94 4.51 0,41 4.89 2.64 5.90 0.0 
S.E. 2.30 0,79 1.84 0.17 1.99 1.08 2.41 0.0 
C.V. 17.4 69.3 7.0 205.0 16.4 50.8 9.1 
Table A7. Experiment I: (Continued) 
Day 80 Day 85 
Experi- Granulocytes Agranulocytes Granulocytes Agranulocy tes 
mental Gilt Neutro- Eosino- Lympho- Mono- Neutro- Eosino- Lympho- Mono-
group no. phlls phils cytes cytes phlls phlls cytes cytes 
Inanition 1862 47 3 49 1 33 2 64 1 
days 50 1890 45 3 52 0 55 2 42 1 
to 90 1931 39 1 60 0 52 2 47 0 
1840 51 4 45 0 46 3 51 0 
1942 44 8 48 0 29 2 69 0 
1923 53 4 43 0 44 3 53 0 
X 46.5* 3.8* 49.5* 0.2" 43.2* 2.3* 54.3* 0.3" 
S.D, 6.89 2.32 6.02 0.41 10.51 0.52 10.27 0.52 
S.E. 2.81 0.95 2.46 0.17 4.29 0.21 4.19 0.21 
C.V. 14.8 61.1 12.2 205.0 24.3 22.6 18.9 173.3 
Full-fed 1865 16 1 83 0 45 2 53 0 
controls 1880 50 5 49 0 38 2 60 0 
1904 36 4 60 0 44 4 52 0 
1891 11 3 86 0 26 0 74 0 
1903 27 5 68 0 36 10 54 0 
1930 40 2 58 0 42 6 52 0 
X 29.4^  3.3* 67.3b 0.0" 38.5* 4.0* 57.5* 0.0" 
S.D. 14.87 1.63 14.64 0.0 7.26 3.58 8.62 0.0 
S.E. 6.07 0.67 5.98 0.0 2.96 1.46 3.52 0.0 
C.V. 50.6 49.4 21.8 18.9 89.5 15.0 
Table A7. Experiment I: (Continued) 
Day 89 Day 91 
Experi- Granulocytes Agranulocytes Granulocytes Agranulocytes 
mental Gilt Neutro- Eosino- Lympho- Mono- Neutro- Eosino- Lympho- Mono-
group no. phiIs phils cytes cytes phils phils cytes cytes 
Inanition 1862 62 2 36 0 55 3 42 0 
days 50 1890 53 3 A3 1 50 2 48 0 
to 90 1931 49 2 48 1 43 1 56 0 
1840 43 2 55 0 42 1 57 0 
1942 47 3 50 0 61 0 39 0 
1923 42 0 58 0 48 2 50 0 
X 49.4* 2.0* 48.3* 0.3* 49.8* 1.5* 48.7* 0.0" 
S.D. 7.48 1.10 8.02 0.52 7.94 1.05 7.26 0.0 
S.E. 3.06 0.45 3.27 0.21 3.24 0.43 .2.96 0.0 
C.V. 15.1 55.0 16.6 173.3 15.9 70.0 14.9 ——— 
Full-fed 1865 33 3 63 1 52 3 45 0 
controls 1880 23 3 74 0 43 3 54 0 
1904 31 4 65 0 22 8 70 0 
1891 33 4 63 0 34 5 61 0 
1903 34 2 64 0 45 4 51 0 
1930 27 2 71 0 45 3 52 0 
X 30.1^  3.0* 66.7*' 0.2* 40.2* 4.3b 55.5* 0.0-
S.D. 4.31 0.89 4.68 0.41 10.53 1.97 8.78 0.0 
S.E. 1.76 0.37 1.91 0.17 4.30 0.80 3.58 0.0 
C.V. 14.3 29.7 7.0 205.0 26.2 45.8 15.8 — 
Table A7. Experimenc I: (Continued) 
Day 95 Day 100 
Experi­ Granulocytes Agranulocytes Granulocytes Agranulocytes 
mental Gilt Neutro­ Eosino­ Lympho­ Mono­ Neutro­ Eosino­ Lympho­ Mono­
group no. phils phils cytes cytes phils phils cytes cytes 
Inanition 1862 31 0 69 0 50 3 47 0 
days 50 1890 41 2 57 0 32 1 67 0 
to 90 1931 32 3 64 1 46 7 50 2 
1840 40 1 59 0 34 6 61 0 
1942 36 1 63 0 40 2 47 0 
1923 61 1 38 0 52 0 48 0 
X 40.2* 1.3* 58.3* 0.2- 43.2* 3.2* 53.3* 0.3-
S.D. 10.98 1.03 10.8 0.41 8.30 2.79 8.55 0.82 
S.E, 4.48 0.42 4.41 0.17 3.39 1.14 3.49 0.33 
C.V. 27.3 79.2 18.5 205.0 19.2 87.2 16.0 273.3 
Full-fed 1865 47 0 53 0 32 5 61 0 
controls 1880 37 5 58 0 45 2 53 0 
1904 53 1 47 0 36 0 64 0 
1891 49 6 45 0 36 6 58 0 
1903 37 4 59 0 64 4 34 0 
1930 35 4 61 0 42 2 56 0 
X 42.9* 3.3* 53.8* 0.0- 42.5* 3.2* 54.3* 0.0-
S.D. 6.59 2.34 6.65 0.0 12.56 2.23 10.67 0.0 
S.E. 2.69 0.95 2.71 0.0 5.13 0.91 4.36 0.0 
C.V. 15.4 70.9 12.4 29.6 69.7 19.7 
Table A8. Experiment I; Reproductive performance of gilts subjected to inanition during late pregnancy^  
Offspring Litter weight Litter size 
Experi­ Day of birth weight, kg at birth t kR at birth Sex 
mental Gilt parturi­ Living Dead Living Dead Living Dead Ratio 
group no. tion pigs pigs pigs pigs pigs pigs F/M 
Inanition 1862 115 1.19 0.82 15.47 0.82 13 1 0.86 
days 50 1890 113 1.36 0.00 10.88 0.00 8 0 1.67 
to 90 1931 114 1.41 1.20 7.03 2.40 5 2 1.50 
1840 115 0.96 0.00 9.60 0.00 10 0 0.67 
1942 116 1.05 0.00 9.45 0.00 9 0 2.00 
1923 116 0.95 0.95 5.70 0.95 6 1 0.50 
X 114.8* 1.15* 0.50* 9.69* 0.70* 
a 
8.5 0.7* 1.20* 
S.D. 1.17 0.199 0.556 3.403 0.942 2.88 0.82 0-606 
S.E. 0.48 0.082 0.227 1.389 0.385 1.18 0.33 0.247 
C.V. 1.0 17.3 111.2 35.1 134.6 33.9 117.1 50.5 
Full-fed 1865 117 1.45 1.30 13.06 1.30 9 1 1.25 
controls 1880 114 1.32 0.00 11.84 0.00 9 0 0.80 
1904 115 1.36 1.27 9.52 1.27 7 1 1.33 
1891 116 1.54 0.00 12.34 0.00 8 0 1.67 
1903 116 1.18 0.00 10.61 0.00 9 0 0.80 
1930 115 1.32 1.41 11.84 1.41 9 1 0.80 
X 115.5* 1.36* 0.66* 11.54* 0.66* 8.5* 0.5* 1.11* 
S.D. 1.05 0.123 0.728 1.271 0.728 0.84 0.55 0.366 
S.E. 0.43 0.050 0.297 0.519 0.297 0.34 0.22 0.149 
C.V. 0.9 9.0 110.3 11.0 110.3 9.9 110.0 33.0 
^Means within column with different superscript are different at P<.05 level of significance. 
Table A9. Experiment I; Liver ornithine decarboxylase activity in dams after 
mating, pmoles CO^  released per 60 min per mg soluble protein^  
Experi-
mental Gilt  ^
group no. 50 70 89 91 
Inanition 1862 39.2 4.0 4.6 151.4 
days 50 1890 56.4 10.2 8.1 104.7 
to 90 1931 48.3 6.4 19.9 18.4 
1840 75.1 2.3 4.4 91.4 
1942 69.9 17.2 2.2 38.8 
1923 42.6 8.1 6.9 72.2 
x 
S.D. 
S.E. 
C.V. 
55.3 
14.67 
5.99 
26.5 
8.0  
5.30 
2.16 
66.3 
7.7 
6.33 
2.58 
82 .2  
79.5 
47.73 
19.48 
60.0 
Full-fed 1865 74.2 70.8 69.9 68.1 
controls 1880 44.4 74.4 57.7 64.1 
1904 51.9 64.9 42.8 60.0 
1891 50.2 47.8 50.2 45.7 
1903 72.2 76.6 70.1 74.4 
1930 69.8 49.9 40.4 38.8 
X 60.5* 64.1^  55.2^  58.5® 
S.D. 13.04 12.45 12.98 13.64 
S.E. 5.32 5.08 5.30 5.57 
C.V. 21.6 19.4 23.5 23.3 
Means within column with different superscript are different at P<.01 
level of significance. 
Table AlO. Experiment II: Body weight (BW), total plasma volume (PV), packed cell volume (PCV), and 
total blood volume (BV) of dams after mating! 
Day 50 Day 70 
Experi­ PV as a BV as a PV as a BV as a 
mental Gilt BW, PV . / i of BW, PCV, BV, % of BW , BW, PV . ; i of BW, PCV, BV, % of BW; 
group no. kg L % Z L % kg L % 7o L % 
Inanition 2125 169 .2 5. 94 3. 51 34 .0 9. 00 5. 32 151 .9 5. 74 3. 78 38 .5 9. 33 6 .14 
days 50 1895 216 .3 7. 99 3. 69 38 .0 12 .89 5. 96 198 .6 7. 83 3. 95 34 .5 11 .98 6 .03 
to 90 2044 157 .8 7. 38 4. 68 31 .5 10 .78 6. 83 146 .0 6. 54 4. 48 32 .0 9. 62 6 .59 
1981 226 .3 7. 57 3. 35 36 .5 11 .92 5. 27 210 .4 7. 09 3. 37 38 .0 11 .44 5 .44 
2200 161 .9 7. 21 4. 45 36 .5 11 .35 7. 01 144 .7 6. 38 4. 41 40 .0 10 .61 7 .33 
2191 197 .7 8. 73 4. 42 35 .0 13 .43 6. 79 179 .1 5. 50 3. 07 37 .0 8. 73 4 .87 
X 188 .2^  7. 47^  4. 02^  35 .3* 11 .56* 6. 20* 171 .8* 6. 52* 3. 84* 36 .7* 10 .29* 6 .07* 
S.D. 29. 35 0. 926 0. 565 2. 30 1. 588 0. 787 28. 49 0. 867 0. 559 2. 93 1. 272 0 .860 
S.E. 11. 98 0. 378 0. 231 0. 94 0. 648 0. 321 11. 63 0. 354 0. 228 1. 19 0. 519 0 .351 
C.V. 15. 6 12 :.4 14 .1 6. 5 13 .7 12 .7 16. 6 13 .3 14 .6 8. 0 12 .4 14.2 
Full-fed 1852 206 .3 6. 23 3. 02 36 .0 9. 73 4. 72 216 .3 7. 23 3. 34 26 .5 9. 84 4 .55 
controls 1870 158 .7 5. 91 3. 72 36 .5 9. 31 5. 86 179 .1 6. 38 3. 56 31 .0 9. 25 5 .16 
2120 177 .3 5. 86 3. 30 32 .0 8. 62 4. 86 186 .8 6. 50 3. 48 37 .5 10 .40 5 .57 
2131 177 .3 5. 41 3. 05 36 .5 8. 52 4. 81 182 .8 7. 16 3. 92 31 .5 10 .45 5 .72 
2241 131 .5 6. 13 4. 66 38 .0 9. 89 7. 52 139 .2 5. 95 4. 28 33 .5 8. 95 6 .43 
2190 224 .1 8. 48 3. 78 34 .0 12 .85 5. 73 229 .9 8. 55 3. 72 32 .0 12 .57 5 .47 
X 179 .2^  6. 34^  3. 59* 35 .5* 9. 82* 5. 58* 189 .0* 6. 96* 3. 72* 32 .0»' 10 .24* 5 .48* 
S.D. 33. 02 1. 088 0. 616 2. 14 1. 586 1. 069 31. 75 0. 918 0. 341 3. 58 1. 289 0 .622 
S.E. 13. 48 0. 444 0. 252 0. 88 0. 648 0. 436 12. 96 0. 375 0. 139 1. 46 0. 526 0 .254 
C.V. 18. 4 17 '.2 17.2 6. 0 16 1.2 19.2 16. 8 13 1.2 9. 2 11 .2 12 .6 11.4 
Means within column with different superscript are different at P<.05 level of significance. 
Table AlO. Experiment II: (Continued) 
Day 90 Pay 110 
Experi­ PV as a BV as a PV as a BV as a 
mental Gilt BW, PV . % of BW, PCV, BV, % of BW , BW, PV , % of BW, PCV, BV, °/. i  of BW, 
group no. kg L % Z  L % kg L % Z  L % 
Inanition 2125 136 .1 5. 64 4. 14 41 .0 9. 56 7. 02 167 .8 7. 53 4. 49 32 . 5  11 .16 6 .65 
days 50 1895 187 .7 6. 00 3. 20 30 .5 8. 63 4. 60 210 .9 7. 79 3. 69 23 .0 10 .12 4 .79 
to 90 2044 137 .9 6. 38 4. 63 34 .0 9. 67 7. 01 172 .8 7. 92 4. 58 27 .0 10 .85 6 .28 
1981 187 .3 6. 68 3. 57 33 .5 10 .05 5. 37 216 .3 7. 88 3. 64 30 .0 11 .26 5 .20 
2200 127 .9 6. 22 4. 86 32 .5 9, 21 7. 20 154 .2 7. 30 4. 74 28 .0 10 .14 6 .58 
2191 166 .9 6. 35 3. 81 40 .0 10 .58 6. 34 190 .5 7. 68 4. 03 34 .0 11 .64 6 .11 
X 157 .3^  6. 21^  4. 04® 35 .3® 9. 62* 6. 26* 185 .4* 7. 68* 4. 20* 29 .1* 10 .86* 5 .94* 
S.D. 26. 86 0. 357 0. 634 4. 25 0. 672 1. 056 24. 79 0. 235 0. 474 3. 98 0.1 620 0 .765 
S.E. 10. 96 0. 146 0. 259 1. 74 0. 275 0. 431 10. 12 0. 096 0. 193 l.( 62 0. 253 0 .312 
C.V. 17. 1 5. 7 15 .7 12 .0 7. 0 16 .9 13. 4 3. 1 11 .3 13 .7 5. 7 12.9 
Full-fed 1852 226 .3 6. 84 3. 02 32 .5 10 .13 4. 48 233 .6 7. 21 3. 09 29 .0 10 .15 4 .35 
controls 1870 189 .6 6. 55 3. 45 34 .5 10 .30 5. 27 201 .8 6. 88 3. 41 29 .5 9. 76 4 .84 
2120 190 .9 8. 35 4. 38 34 .0 12 .65 6. 63 204 .5 8. 54 4. 18 35 .0 13 .14 6 .43 
2131 197 .3 7. 42 3. 76 36 .0 11 .59 5. 88 205 .9 7. 79 3. 78 32 .5 11 .54 5 .61 
2241 146 .5 5. 96 4. 07 36 .5 9. 39 6. 41 169 .2 8. 22 4. 86 31 .5 12 .00 7 .09 
2190 238 .4 8. 92 3. 74 34 .5 13 .62 5. 72 244 .1 9. 42 3. 86 31 .5 13 .75 5 .63 
X 198 .2^  7. 34b 3. 74* 34 .7® 11 .28^  5, 73* 209 .9* 8. 01* 3. 86* 31 .5* 11 .72* 5 .66* 
S.D, 32. 27 1. 123 0. 474 1. 44 1. 631 0. 783 26. 45 0. 925 0. 617 2. 17 1. 585 1 .003 
S.E. 13. 17 0. 458 0. 193 0. 59 0. 666 0. 320 10. 80 0. 378 0. 252 0. 89 0. 647 0 .409 
C.V. 16. 3 15.3 12.7 4. 1 14 .5 13.7 12. 6 11.5 16.0 6. 9 13 .5 17.7 
Table All. Experiment II: Reproductive performance of gilts subjected to inanition during late 
pregnancy^  
Experi­ Day of Average Sex 
mental Gilt parturi Birth Wt, kg Litter Wt, kg Litter Size Ratio 
group no. tion Living Dead Living Dead Living Dead F/M 
Inanition 2125 117 1.10 0.68 12.15 0.68 11 1 0.57 
days 50 1895 117 1.26 1.58 10.08 1.58 8 1 0.60 
to 90 2044 116 1.57 1.36 7.85 1.36 5 1 4.00 
1981 116 1.24 0.00 11.16 0.00 9 0 1.25 
2200 115 1.36 0.00 15.01 0.00 11 0 1.20 
2191 113 1.27 1.20 6.35 1.20 5 1 1.50 
X 115.7* 1.30* 0.80* 10.43* 0.80* 8.2* 0.7* 1.52* 
S.D. 1.51 0.161 0.689 3.095 0.689 2.71 0.52 1.271 
S.E. 0.61 0.062 0.281 1.263 0.281 1.11 0.21 0.519 
C.V. 1.3 12.4 86.1 29.7 86.1 33.0 74.3 83.6 
Full-fed 1852 114 1.43 1.27 12.88 1.27 9 1 1.25 
controls 1870 116 1.65 1.36 13.20 1.36 8 1 3.00 
2120 115 1.22 1.30 13.38 5.20 11 4 0.38 
2131 116 1.58 0.00 7.89 0.00 5 0 0.67 
2241 116 1.12 0.00 8.98 0.00 8 0 3.00 
2190 115 1.40 0.80 11.20 0.80 8 1 1.67 
X 115.3* 1.40* 0.79* 11.26* 1.44* 8.2* 1.2* 1.66* 
S.D. 0.82 0.203 0.642 2.343 1.935 1.94 1.47 1.129 
S.E. 0.33 0.083 0.262 0.956 0.790 0.79 0.61 0.461 
C.V. 0.7 14.5 81.3 20.8 134.4 23.7 122.5 68.0 
^Means within column with different superscript are different at P<.05 level of significance. 
Table A12. Experiment III: Reproductive performance at day 90 after mating of gilts subjected to 
inanition during late pregnancy^  
Dam Day 90 fetal Litter weight Litter size 
Experi­ body weight. kg body weight, g at day 90, g at day 90 
mental Gilt Day Day Day Living Dead Living Dead Living Dead 
group no. 50 70 90 pigs pigs pigs pigs pigs pigs 
Inanition 1902 158.3 140.1 123.6 482.7 00.0 4344.2 00.0 9 0 
days 50 2274 165.5 145.3 131.4 476.1 43.1 4284.5 86.1 9 2 
to 90 2333 156.9 137.4 121.4 423.6 31.3 4660.2 31.3 11 1 
X 160.2^  140.9* 125.5* 460.8* 24.8* 4429.6* 39.1* 9.7* 1.0* 
S.D. 4.61 4.02 5.25 32.39 22.27 201.90 43.58 1.16 1.00 
S.E. 2.66 2.32 3.03 18.70 12.86 116.56 25.16 0.67 0.58 
C.V. 2.9 2.9 4.2 7.0 89.8 4.6 111.5 12.0 100.0 
Full-fed 2263 150.6 168.1 184.6 390.5 00.0 5075.9 00.0 13 0 
controls 2012 171.9 186.4 198.4 431.8 74.2 3454.7 148.4 8 2 
2302 167.3 178.8 189.9 551.7 56.2 3310.1 112.3 6 2 
X 163.3* 177.8^  191.0*) 458.0* 43.5* 3946.9* 86.9* 9.0* 1.3* 
S.D. 11.21 9.19 6.96 83.73 38.70 980.41 77.39 3.61 1.16 
S.E. 6.47 5.31 4.02 48.34 22.35 566.04 44.68 2.08 0.67 
C.V. 6.9 5.2 3.6 18.3 89.0 24.8 89.1 40.1 89.2 
Means within column with different superscript are different at P<.05 level of significance. 
Table A12. Experiment III: (Continued) 
Day 90 
Ovarian weight Corpora lutea no. uterine horn weight 
Experi­ at day 90, K at day 90 with fetuses removed, g 
mental Gilt Left Right Both Left Right Both Left Right Both 
group no. ovary ovary ovaries ovary ovary ovaries horn horn horns 
Inanition 1902 4.82 7.88 12.70 5 10 15 1871.2 2511.2 4382.4 
days 50 2274 5.67 8.24 13.91 5 11 16 1726.3 2910.5 4636.8 
to 90 2333 6.71 6.51 13.22 10 8 18 2648.6 1684.0 4332.6 
X 5.73® 7.54* 13.28* 6.7* 9.7* 16.3* 2082.0* 2368.6* 4450.6' 
S.D. 0.947 0.913 0.607 2.89 1.53 1.53 495.98 625.57 163.17 
S.E. 0.547 0.527 0.350 1.67 0.88 0.88 286.36 361.17 94.20 
C.V. 16.5 12.1 4.6 43.1 15.8 9.4 23.8 26.4 3.7 
Full-fed 2263 8.67 9.34 18.01 7 10 17 2359.5 2880.8 5240.3 
controls 2012 8.40 6.52 14.92 10 6 16 2086.2 1546.2 3632.4 
2302 5.92 7.19 13.11 6 7 13 2042.2 1718.6 3760.8 
X 7.66* 7.68* 15.35* 7.7* 7.7* 15.3* 2162.6* 2048.5* 4211.2' 
S.D. 1.516 1.473 2.478 2.08 2.08 2.08 171.91 725.90 893.57 
S.E. 0.875 0.851 1.431 1.20 1.20 1.20 99.25 419.10 515.90 
C.V. 19.8 19.2 16.1 27.0 27.0 13.6 7.9 35.4 21.2 
Table A13. Experiment III: Reproductive performance at day 90 after mating of gilts with uterine 
blood flow transducers! 
Uterine horn with flow transducer on the uterine artery 
Experi­
Left or 
right 
Day 90 fetal 
body weight, g 
Litter weight 
at day 90, g 
Litter size 
at day 90 
mental 
group 
Gilt 
no. 
uterine 
horn 
Living 
pigs 
Dead 
pigs 
Living 
pigs 
Dead 
pigs 
Living 
pigs 
Dead 
pigs 
Inanition 
days 50 
to 90 
1902 
1902 
2274 
2274 
L 
R 
L 
R 
472.6 
490.7 
490.0 
00.0 
00.0 
43.1 
1890.5 
2453.7 
1469.9 
00.0 
00.0 
86.1 
4 
5 
3 
0 
0 
2 
2333 
2333 
L 
R 421.0 31.3 1683.9 31.3 4 1 
X 
S.D. 
S.E. 
C.V. 
468.6 
32.80 
16.40 
7.0 
18.6 
22.01 
11.01 
118.3 
1874.5 
422.59 
211.30 
22.5 
29.4 
40.61 
20.30 
138.4 
4.0 
0.82 
0.41 
20.4 
0.8 
0.96 
0.48 
127.7 
Full-fed 
controls 
2012 
2012 
2263 
2263 
L 
R 
L 
R 
412.7 
463.8 
483.4 
00.0 
74.2 
00.0 
2063.3 
1391.4 
2416.9 
00.0 
148.4 
00.0 
5 
3 
5 
0 
2 
0 
2302 
2302 
L 
R 507.9 72.0 1523.7 72.0 3 1 
X 
S.D. 
S.E. 
C.V. 
467.0 
40.42 
20.21 
8.6 
36.6 
42.21 
21.11 
115.3 
1848.8 
477.37 
238.69 
26.0 
55.1 
70.86 
35.43 
129.0 
4.0 
1.15 
0.58 
29.0 
0.8 
0.96 
0.48 
120.0 
M^eans of all like parameters are similar at P<.05 level of significance. 
Table A13. Experiment III: (Continued) 
Uterine horn without flow transducer on the uterine artery 
Left or Day 90 fetal Litter weight Litter size 
Experi­ right body weight, g at day 90, 8 at day 90 
mental Gilt uterine Living Dead Living Dead Living Dead 
group no. horn pigs pigs pigs pigs pigs pigs 
Inanition 1902 L 
days 50 1902 R — — —  — — — 1 — —  — — —  11 — —  
to 90 2274 L • • • — •  —  —  —  — 1 — — mm —  —  —  • 1 «1 •• 
2274 R 469.1 00.0 2814.6 00.0 6 0 
2333 L 425.2 00.0 2976.3 00.0 7 0 
2333 R 
_ 
X 447.2 00.0 2895.5 00.0 6.5 0.00 
S.D. 31.04 —— 114.34 —  —  —  0.71 — — —  
S.E. 21.95 80.85 — —  0.50 — —  
C.V. 6.9 4.0 10.9 
Full-fed 2012 L 
controls 2012 R 
2263 L 
2263 R 
2302 L 
2302 R 
332.4 
595.5 
00.0 
40.3 
2659.0 
1786.4 
00.0 
40.3 
8 
3 
0 
1 
X 464.0 20.2 2222.7 20.2 5.5 0.5 
S.D. 186.04 28.50 617.02 28.50 3.54 0.71 
S.E. 131.55 20.15 436.30 20.15 2.50 0.50 
C.V. 40.1 141.4 27.8 141.4 64.3 141./ 
Table A14. Experiment III: Uterine blood flow of dams after mating, L/min/uterine hom^  
Experi-
mental Gilt ^ 
group no. 50 51 52 53 54 55 56 
Inanition 1902L 1.40 1.42 1.39 1.54 1.67 1.59 1.46 
days 50 1902R 1.68 1.83 1.79 1.82 1.89 1.78 1.85 
to 90 2274L 0.96 0.94 0.94 0.93 0.91 1.06 0.98 
2333R 1.51 1.53 1.56 1.33 1.58 1.58 1.55 
X 1.39 1.43 1.42 1.41 1.51 1.50 1.46 
S.D. 0.307 0.370 0.360 0.375 0.422 0.309 0.361 
S.E. 0.154 0.185 0.180 0.187 0.211 0.155 0.180 
C.V. 22.2 25.9 25.3 26.7 27.9 20.6 24.7 
Full-fed 2263L 1.49 1.51 1.69 1.71 1.94 1.78 1.55 
controls 2012L 1.26 1.29 1.31 1.27 1.24 1.14 1.29 
2012R 0.97 0.96 0.96 0.94 0.95 0.98 0.97 
2302R 1.14 1.09 1.07 1.21 1.17 1.22 1.22 
X 1.22 1.21 1.26 1.28 1.33 1.28 1.26 
S.D. 0.219 0.240 0.323 0.319 0.428 0.348 0.239 
S.E. 0.109 0.120 0.162 0.160 0.214 0.174 0.119 
C.V. 18.0 19.8 25.7 24.9 32.3 27,2 19.0 
Means within column are similar at P>.05 level of significance. 
Table A14. Experiment III: (Continued) 
mental Gilt  ^
group no. 57 58 59 60 61 62 63 
Inanition 1902L 1.49 1.44 1.53 1.66 1.38 1.51 1.31 
days 50 1902R 1.73 1.93 1.70 1.74 1.83 1.61 1.65 
to 90 2274L 1.00 1.16 1.02 0.96 1.01 1.02 1.06 
2333R 1.62 1.34 1.39 1.58 1.44 1.53 1.53 
X 1.46 1.47 1.41 1.49 1.42 1.42 1.39 
S.D. 0.322 0.329 0.289 0.356 0.336 0.268 0.260 
S.E. 0.161 0.165 0.145 0.178 0.168 0.134 0.130 
C.V. 22.1 22.4 20.5 24.0 23.7 18.9 18.7 
Full-fed 2263L 1.82 1.88 1.85 1.81 1.84 1.87 1.81 
controls 2012L 1.35 1.60 1.48 1.45 1.34 1.32 1.33 
2012R 0.88 0.95 0.84 1.13 0.98 1.07 1.09 
2302R 1.21 1.05 1.07 1.13 1.14 1.24 1.25 
X 1.32 1.37 1.31 1.38 1.33 1.38 1.37 
S.D. 0.390 0.444 0.447 0.324 0.374 0.346 0.310 
S.E. 0.195 0.222 0.223 0.162 0.187 0.173 0.155 
C.V. 29.7 32.4 34.1 23.5 28.2 25.2 22.6 
Table A14. Experiment III; (Continued) 
mental 
group 
Gilt 
no. 64 65 66 67 68 69 70 
Inanition 1902L 1.35 1.41 1.48 1.48 1.50 1.30 1.50 
days 50 1902R 1.67 1.70 1.69 1.74 1.72 1.74 1.98 
to 90 2274L 1.05 1.04 0.96 0.97 0.97 0.85 0.96 
2333R 1.42 1.34 1.41 1.60 1.59 1.60 1.73 
X 
S.D. 
S.E. 
C.V. 
1.37 
0.255 
0.128 
18.6 
1.37 
0.271 
0.135 
19.7 
1.39 
0.307 
0.154 
22.2 
1.45 
0.336 
0.168 
23.2 
1.45 
0.329 
0.165 
22.8 
1.37 
0.394 
0.197 
28.7 
1.54 
0.435 
0.218 
28.2 
Full-fed 2263L 1.84 1.88 1.89 1.91 1.89 1.81 1.72 
controls 2012L 1.45 1.39 1.58 1.66 1.77 1.33 1.24 
2012R 1.11 1.03 1.04 0.96 0.98 0.93 0.89 
2302R 1.26 1.13 1.20 1.14 1.16 1.18 1.11 
X 1.42 1.36 1.43 1.42 1.45 1.31 1.24 
S.D. 0.316 0.380 0.383 0.443 0.448 0.370 0.351 
S.E. 0.158 0.190 0.191 0.221 0.224 0.185 0.176 
C.V. 22.3 28.0 26.8 31.2 30.9 28.2 28.3 
Table A14. Experiment III: (Continued) 
Experi- _ 
mental Gilt  ^
group no. 71 72 73 74 75 76 77 
Inanition 1902L 1.63 1.63 1.69 1.61 1.63 1.27 1.55 
days 50 1902R 1.60 1.76 1.81 1.94 1.96 1.61 1.81 
to 90 2274L 0.98 1.02 0.88 1.02 1.02 0.85 0.88 
2333R 1.61 1.53 1.57 1.60 1.56 1.41 1.51 
X 1.46 1.49 1.49 1.54 1.54 1.29 1.44 
S.D. 0.317 0.324 0.417 0.382 0.390 0.322 0.395 
S.E. 0.158 0.162 0.208 0.191 0.195 0.161 0.197 
C.V. 21.8 21.8 28.0 24.8 25.3 25.0 27.5 
Full-fed 2263L 1.88 1.93 1.90 1.94 1.81 1.88 1.78 
controls 2012L 1.49 1.48 1.39 1.42 1.41 1.25 1.19 
2012R 1.04 1.10 0.97 0.99 0.96 0.86 1.09 
2302R 1.05 1.09 1.11 1.15 1.16 1.09 1.21 
X 1.37 1.40 1.34 1.38 1.34 1.27 1.32 
S.D. 0.402 0.397 0.411 0.416 0.366 0.437 0.313 
S.E. 0.201 0.199 0.205 0.208 0.183 0.219 0.156 
C.V. 29.5 28.4 30.6 30.3 27.4 34.4 23.7 
Table A14. Experiment III: (Continued) 
Experi-
mental Gilt  ^
group no. 78 79 80 81 82 83 84 
Inanition 1902L 1.47 1.73 1.56 1.58 1.47 1.36 1.43 
days 50 1902R 1.77 1.81 1.70 1.86 1.92 1.96 1.91 
to 90 22741 0.96 0.98 0.99 0.98 0.97 0.83 0.85 
2333R 1.45 1.66 1.63 1.69 1.54 1.64 1.52 
X 1.41 1.55 1.47 1.53 1.48 1.45 1.43 
S.D. 0.335 0.382 0.325 0.383 0.390 0.479 0.438 
S.E. 0.168 0.191 0.163 0.191 0.195 0.240 0.219 
C.V. 23.7 24.7 22.1 25.1 26.5 33.1 30.7 
Full-fed 2263L 1.87 1.81 1.83 1.76 1.79 1.80 1.87 
controls 2012L 1.35 1.34 1.36 1.22 1.51 1.34 1.24 
2012R 1.20 0.95 1.04 0.84 1.03 1.06 1.01 
2302R 1.19 1.16 1.21 1.15 1.17 1.18 1.16 
X 1.40 1.32 1.36 1.24 1.38 1.35 1.32 
S.D. 0.320 0.366 0.340 0.382 0.342 0.324 0.379 
S.E. 0.160 0.183 0.170 0.191 0.171 0.162 0.189 
C.V. 22.8 27.9 25.0 30.8 24.9 24.1 28.7 
Table A14. Experiment III: (Continued) 
Experi­
mental Group 
group no. 85 86 87 88 89 90 
Inanition 1902L 1.45 1.42 1.44 1.42 1.61 1.68 
days 50 1902R 1.84 1.96 1.86 1.88 1.93 1.94 
to 90 2274L 0.96 0.97 0.97 0.95 1.01 1.06 
2333R 1.54 1.60 1.48 1.68 1.71 1.64 
X 1.45 1.49 1.44 1.48 1,57 1.58 
S.D. 0.365 0.412 0.365 0.402 0.393 0.371 
S.E. 0.183 0.206 0,182 0.201 0.197 0.186 
C.V. 25.2 27.7 25.4 27.1 25.1 23.5 
Full-fed 2263L 1.90 1.91 1.81 1.81 1.80 1.77 
controls 2012L 1.62 1.62 1.46 1.45 1.48 1.41 
2012R 0.96 1.06 0.94 1,04 1,00 0,92 
2302R 1.20 1.15 1.09 1.10 1.14 1.10 
X 1.42 1.44 1.33 1.35 1.36 1.39 
S.D. 0.420 0.401 0.390 0.356 0.359 0.373 
S.E. 0.210 0.200 0.195 0.178 0.179 0,187 
C.V. 29.6 27.9 29.5 26,4 26.5 28,7 
Table A15. Experiment III: Relationship of uterine blood flow (UBF) to litter size and total fetal 
weight at day 90 after mating^  
Experi­ UBF per live fetus UBF per g live 
mental Gilt Day 50 to 90 mean at day 90, ml/min/ fetus at day 90, 
group no. UBF, L/min/hom live fetus ml/min/g 
Inanition 1902L 1.50 375.0 0.79 
days 50 1902R 1.80 360.0 0.73 
to 90 2274L 0.97 323.3 0.69 
2333R 1.55 387.5 0.89 
X 1.46* 361.5* 0.78* 
S.D. 0.349 27.81 0.087 
S.E. 0.174 13.90 0.044 
C.V. 24.0 7.7 11.2 
Full-fed 2263L 1.81 362.0 0.75 
controls 2012L 1.39 278.0 0.67 
2012R 0.99 330.0 0.71 
2302R 1.15 383.3 0.75 
X 1.34* 338.3* 0.73* 
S.D. 0.357 45.8 0.038 
S.E. 0.178 22.9 0.019 
C.V. 26.7 13.5 5.2 
Means within column with different superscript are different at P<.05 level of significance. 
Table A15. Experiment III: Body weight (BW), estimated total plasma volume (PV), and estimated total 
blood volume (BV) of dams after mating^  
Dam Estimated dam Estimated dam 
Experi­ body weight, kg PV^ . L BV3, L 
mental Gilt Day Day Day 
group no. 50 70 90 50 70 90 50 70 90 
Inanition 1902 158.3 140.1 123.6 6.50 6.12 5.78 9.98 9.49 9.05 
days 50 2274 165.5 145.3 131.4 6.66 6.23 5.94 10.18 9.63 9.26 
to 90 2333 156.9 137.4 121.4 6.47 6.07 5.73 9.95 9.42 8.99 
X 160.2* 140.9® 125.5* 6.54* 6.14* 5.82* 10.04* 9.51* 9.10* 
S.D. 4.61 4.02 5.25 0.102 0.082 0.110 0.125 0.107 0.142 
S.E. 2.66 2.32 3.03 0.059 0.047 0.063 0.072 0.062 0.082 
C.V. 2.9 2.9 4.2 1.6 1.3 1.9 1.2 1.1 1.6 
Full-fed 2263 150.6 168.1 184.6 6.34 6.71 7.06 9.78 10.25 10.69 
controls 2012 171.9 186.4 198.4 6.79 7.09 7.35 10.35 10.74 11.07 
2302 167.3 178.8 189.9 6.69 6.94 7.17 10.23 10.54 10.84 
X 163.3* 177.8^  191.0^  6.61* 6.91^  7.19^  10.12* 10.51^  10.87^  
S.D. 11.21 9.19 6.96 0.236 0.191 0.146 0.300 0.246 0.191 
S.E. 6.47 5.31 4.02 0.136 0.111 0.085 0.174 0.142 0.111 
C.V. 6.9 5.2 3.6 3.6 2.8 2.0 3.0 2.3 1.8 
Means within column with different superscript are different at P<.05 level of significance. 
P^V.L = 3.18 + .021 (BW, kg). 
B^V,L = 5.71 + .027 (BW. kg). 
Table A17. Experiment III: Relationship of uterine blood flow (UBF), day 90 live litter size (LS), 
and day 90 total fetal weight (FW) with total plasma volume (PV) 
UBF/PV, UBF/LS/PV, UBF/FW/PV, 
Experi­ ml/min/horn/L ml/min/fetus/L ml/min/g/L 
mental Gilt Day Day Day 
group no. 50 70 90 50 70 90 50 70 90 
Inanition 1902L 231 245 260 58 61 65 0.122 0.129 0.137 
days 50 1902R 277 294 311 55 59 62 0.112 0.119 0.126 
to 90 2274L 146 157 163 49 52 55 0.104 0.111 0.116 
2333R 240 255 271 60 64 68 0.138 0.147 0.155 
X 224* 238* 251* 56* 59* 63* 0.119* 0.127* 0.134* 
S.D. 55.4 57.8 62.8 4.8 5.1 5.6 0.0147 0.0155 0.0167 
S.E. 27.7 28.9 31.4 2.4 2.5 2.8 0.0073 0.0078 0.0084 
C.V. 24.7 24.3 25.0 8.6 8.6 8.9 12.3 12.3 12.5 
Full-fed 2263L 285 270 256 57 54 51 0.118 0.112 0.106 
controls 2012L 205 196 189 41 39 38 0.099 0.095 0.091 
2012R 146 140 135 49 46 45 0.105 0.100 0.097 
2302R 172 166 160 57 55 53 0.112 0.108 0.105 
X 202* 193* 185* 52* 48* 47^  0.109* 0.103^  0.100^  
S.D. 60.4 56.2 52.2 7.7 7.5 6.8 0.0083 0.0077 0.0071 
S.E. 30.2 28.1 26.1 3.8 3.8 3.4 0.0041 0.0038 0.0035 
C.V. 29.9 29.1 28.2 15.0 15.5 14.4 7.6 7.4 7.1 
Means within column with different superscript are different at P<.05 level of significance. 
Although an individual t-test of UBF/PV failed to detect column differences, the average UBF/PV over 
the three time measures was significantly higher in inanition than in control animals as determined 
by analysis of variance (P<.003). The trend in inanition animals was toward higher values over 
time while in controls it decreased (P<.0001). 
Table A18. Experiment III: Relationship of uterine blood flow (UBF), day 90 live litter size (LS), 
and day 90 total fetal weight (FW) with total blood volume (BV)^  
UBF/BV, UBF/LS/BV » UBF/FW/BV, 
Experi­ ml/min/horn/L ml/min/fetus/L ml/min/g/L 
mental Gilt Day Day Day 
group no. 50 70 90 50 70 90 50 70 90 
Inanition 1902L 150 158 166 37 40 41 0.079 0.083 0.087 
days 50 1902R 180 190 199 36 38 40 0.073 0.077 0.081 
to 90 2274L 95 101 104 32 34 35 0.068 0.072 0.075 
2333R 156 165 172 39 41 43 0.089 0.094 0.099 
X 145* 154* 160* 36* 38* 40* 0.077* 0.082* 0.086* 
S.D. 35.9 37.6 40.2 2.9 3.1 3.4 0.0090 0.0095 0.0102 
S.E. 18.0 18.8 20.1 1.5 1.5 1.7 0.0045 0.0047 0.0051 
C.V. 24.7 24.5 25.1 8.2 8.1 8.6 11.7 11.6 12.0 
Full-fed 2263L 185 176 169 37 35 34 0.078 0.072 0.070 
controls 2012L 134 129 125 27 26 25 0.065 0.062 0.060 
2012R 96 92 89 32 31 30 0.069 0.066 0.064 
2302R 112 109 106 37 36 35 0.073 0.070 0.069 
X 132* 126* 122* 33* 32* 31^  0.072* 0.067^  0.065^  
S.D. 38.8 36.3 34.5 4.8 4.5 4.5 0.0056 0.0044 0,0046 
S.E. 19.4 18.1 17.2 2.4 2.3 2.3 0.0028 0.0022 0.0023 
C.V. 29.4 28.7 28.2 14.4 14.2 14.7 7.8 6.6 7.1 
Means within column with different superscript are different at P<.05 level of significance. 
Although an individual t-test of UBF/BV failed to detect column differences, the average UBF/BV 
over the three time measures was significantly higher in inanition than in control animals as 
determined by analysis of variance (P<.003). The trend in inanition animals was toward higher 
values over time while in controls it decreased (P<.0001). 
Table A19. Experiment III; Relationship of estimated total uterine blood flow (TUBF), with total 
plasma volume (PV) and total blood volume (BV)^  
TUBF/PV, TUBF/BV, 
Experi­ Day 50 to 90 mean ml/min/uterus/L ml/min/uterus/L 
mental Gilt TUBF, L/min/uterus Day Day 
group no. Estimate^  Actual 50 70 90 50 70 90 
Inanition 1902 3.26 3.30 502 525 564 327 344 361 
days 50 2274 3.21 — 482 515 540 315 333 347 
to 90 2333 3.50 — 541 577 611 352 372 390 
X 3.32* . • 1 — 508* 539* 572* 331* 350* 367* 
S.D. 0.155 ——— 30.0 33.3 36.1 18.9 20.1 21.9 
S.E. 0.090 — 17.3 19.2 20.9 10.9 11.6 12.7 
C.V. 4.7 5.9 6.2 6.3 5.7 5.8 6.0 
Full-fed 2263 3.81 601 568 540 390 372 356 
controls 2012 2.59 2.38 381 365 352 250 241 234 
2302 2.48 371 357 346 242 234 228 
X 2.96* 451* 430* 413* 294* 282* 272* 
S.D. 0.738 130.0 119.6 110.3 83.2 77.7 72.2 
S.E. 0.426 75.1 69.0 63.7 48.4 44.9 41.7 
C.V. 24.9 28.8 27.8 26.7 28.3 27.5 26.4 
Means within columns with different superscript are different at P<.05 level of significance. 
Although individual t-tests of TUBF/PV and TUBF/BV failed to detect column differences, the 
average TUBF/PV and TUBF/BV over the three time measures was significantly higher in inanition 
than in control animals as determined by analysis of variance (P<.002). The trend in inanition 
animals was toward higher values while in controls it decreased (P<.0001). 
2 TUBF = (Day 90 live fetal weight, g) x (0.75 = mean UBF per g live fetus from table A15). 
Table A20. Experiment III: Spearman correlation coefficients for uterine blood flow (UBF), day 90 
live litter size (LS), and day 90 total fetal weight (FW). 
UBF 
UBF 
1.00 
P = .000 
LS 0.82 
P = .012 
FW 0.86 
P = .007 
LS FW 
0.82 
P = .012 
0.86 
P = .007 
1.00 
P = .000 
0.94 
P = .001 
0.94 
P = .001 
1.00 
P = .000 
Table A21. Experiment III: Fetal brain and liver ornithine decarboxylase (ODC) activity at day 90 
after mating, pmoles CO^  released per 60 min per mg soluble protein^  
Experi- Brain Liver 
mental Gilt ODC Total ODC Total 
group no. activity weight, g activity weight, g 
Inanition 2333 125.8 18.0 68.6 14.3 
days 50 1902 111.2 15.2 96.4 12.2 
to 90 2274 93.8 16.1 90.0 13.4 
X 110.3^  16.4^  85.0* 13.3* 
S.D. 16.02 1.43 14.56 1.05 
S.E. 9.25 0.83 8.41 0.61 
C.V. 14.5 8.7 17.1 7.9 
Full-fed 2012 78.5 15.3 142.8 19.7 
controls 2263 87.5 19.1 122.2 22.7 
2302 71.4 16.1 119.2 24.6 
X 79.1^  16.8* 128.1^  22.3^  
S.D. 8.07 2.00 12.85 2.47 
S.E. 4.66 1.16 7.42 1.43 
C.V. 10.2 11.9 10.0 11.1 
Means within column with different superscript are different at P<.05 level of significance. 
